WORK S 



OF THE 



CAVENDISH SOCIETY. 




FOUNDED 1846. 



HAND-BOOK 



OF 



CHEMISTRY 



BY 

LEOPOLD GMELIN, 

PROFESSOR OT CHEMISTRY IN THE UNIVERSITY OF HEIDELBERG, 

MEMBER OF VARIOUS LEARNED SOCIETIES IN BERLIN, BONN, CATANIA, DRESDEN, FREIBURG, 
FRANKFORT, GOTTINGEN, HALLE, HAMBURG, HANAU, HEIDELBERG, JAS3Y, LONDON, 
MARBURG, MUNICH, PARTS, PETKRSBURGH, VIENNA, AND THE VVETTERAU. 



VOL. VI. 

METAL S (concluded.) 

TRANSLATED BY 

HENRY WATTS, B.A., F.C.S., 

ASSISTANT IN THE BIRKBECK LABORATORY, UNIVERSITY COLLEGE, LONDON. 



LONDON: 
PRINTED FOR THE CAVENDISH SOCIETY. 



MDCCCLII. 

PROPERTY OF 



CARNEGIE INSTIT01E OF TECHNOtOfiY 

I RR1RY 



PRINTED BY HARRISON AND SON, 
LONDON GAZETTE OFFICE, ST. MAETIN'S LANE; 

AND 
ORCHARD STE.EKT, WJ2STUINSTEK. 



CONTENTS OF VOL. VI. 



METALS (concluded). 

Page 
CHAPTER XXXYI, MERCURY. 

Memoirs, &c. 3 relating to Mercury .... .... .... 1 

History .... .... .... .... .... 1 

Sources. Preparation. Purification lv ^ 2 

Properties .... .... .... .... .... 3 

COMPOUNDS OF MEKCUUY .... .... .... .... 4 

Mercury and Oxygen. 

Mercurous Oxide. Hg 2 .... .<.. .... 5 

Mercurous Salts .... .... .... .... 7 

Mercuric Oxide. HgO .... .... .... 8 

Hydrated Mercuric Oxide. Aqueous Solution of 

Mercuric Oxide .... .... .... 11 

Mercuric Salts .... .... . .. 12 

Mercury and Carbon. 

Carbonate of Mercurous Oxide .... .... . .... 15 

Carbonate of Mercuric Oxide .... .... 15 

Mercury and Phosphorus. 

Phosphide of Mercury .... .... .... 17 

Phosphate of Mercurous Oxide .... .... 17 

Pyrophosphate of Mercurous Oxide .... .... 17 

Phosphate of Mercuric Opdde .... .... 18 

Mercury and Sulphur. 

Bisulphide of Mercury, or Mercurous Sulphide .... 19 

Protosulphide of Mercury, or Mercuric Sulphide. 

a. Crystalline Sulphide : Cinnabar or Vermillion ] 9 

I. Amorphous Sulphide .... .... .... 25 

Action of Hyposulphurous, Pentathionic, Tetrathionic, and 

Trithionic acids on the Salts of Mercury .... 27 

Hyp osulphate of Mercurous Oxide .... .... 27 

Hyposulphate of Mercuric Oxide .... .... 27 

Sulphate of Mercurous Oxide .... .... ...< 28 

VOL. VI. & 



VI CONTENTS. 

Page 
Sulphate of Mercuric Oxide. 

a. Terbasic : Mineral Turbite^ Turpethum minerals 28 

&. Monobasic .... .... .... .... 29 

c. Acid Sulphate .... .... .... 30 

If Mercuroso-Mercuric Sulphate .... .... .... 30 

Mercuric Sulphocarbonate .... .... .... 31 

Mercuric Hyposulphophosphite. 

. Bibasic. 2HgS,PS. b. Monobasic . HgS 3 PS .... 31 

Mercuric Sulphophosphite. 2HgS,PS 3 .... .... 31 

Mercuric Sulphophosphate. 2llgS,PS 5 .... .... 31 

Sulphate of Mercuric Oxide with Phosphide of Mercury 32 

Sulphate of Mercuric Oxide with Sulphide of Mercury .... 32 

Mercury and Selenium. 

Selenide of Mercury .... .... .... 32 

Selenite of Mercurous Oxide .... .... .... 33 

Selenite of Mercuric Oxide .... .... 33 

Sulpho-selenide of Mercury .... .... .... 33 

Mercury and Iodine. 

Biniodide of Mercury, or Mercurous Iodide .... 34 

Three-fourths Iodide of Mercury, or Mercuroso*mercuric 

Iodide.... .... .... .... .... 35 

Protiodide of Mercury, or Mercuric Iodide .... 36 

Mercuric Oxy-iodide. 3HgO,HgI .... .... 40 

Iodide of Mercury and Hydrogen .... .... 40 

Biniodide of Mercury ? .... .... 40 

lodate of Mercuric Oxide .... .... .... 41 

Mercurous and Mercuric Periodates .... .... 41 

Mercuric lodosulphide. HgS,HgI .... .... 41 

Mercuric lodosulphate. HgI + HgO,S0 3 .... .... 41 

Mercury and Bromine. 

Dibromide of Mercury,, or Mercurous Bromide .... 42 

Protobromide of Mercury, or Mercuric Bromide .... 42 

Mercuric Oxybromide. 3HgO,HgBr .... .... 43 

Bromide of Mercury and Hydrogen .... .... 44 

Bromate of Mercurous Oxide. 

. Bibasic. b. Monobasic .... .... 44 

Bromate of Mercuric Oxide .... .... .... 45 

Mercuric Phosphobromide .... . ... 45 

Mercuric Sulphobromide. 2HgS,HgBr .... .... 45 

Mercury and Chlorine. 

Bichloride of Mercury, or Mercurous Chloride: Calomel; 

Jforn-quicJcsilver .... .... .... 45 

Protochloride of Mercury, or Mercuric Chloride : Corrosive 

Sublimate ... .... .... .... 53 

Mercuric Oxychlorjide. 3HgO,HgCl .... .... 59 

Chloride of Mercury and Hydrogen .... ...< 61 



CONTENTS. Vli 

Page 

Chlorate of Mercurous Oxide .... .... 61 

Chlorate of Mercuric Oxide .... .... .... 62 

Perchlorate of Mercurous Oxide .... .... 62 

Perchlorate of Mercuric Oxide .... .... .... 62 

Phosphochloride of Mercury. Hg 3 P,3HgCl .... 62 

Mercuric Sulphochloride. 2HgS,HgCl .... .... 63 

Sulphate of Mercurous Chloride .... .... 64 

Sulphate of Mercuric Oxychloride .... .... 64 

Mercurous Chloro-hyposulphite. Hg 2 Cl,SCl .... 65 

Mercury and Fluorine. 

Difluoride of Mercury, or Mercurous Fluoride .... 0*5 

Protofl.uoride/>f Mercury, or Mercuric Fluoride .... (;6 

Mercuric Sulphofluoride. 2HgS,HgP .... .. k . 6G 

Mercury and Nitrogen. 

Nitride of Mercury. Hg 3 N .... .... 66 

Ammonium- amalgam.... .... .... .... 67 

Nitrite of Mercurous Oxide .... .... 69 

Nitrate of Mercurous Oxide : Subnitrate of Mercury* 

0. Bibasic .... .... .... .... 69 

If a!. 5 At. Base to 3 At. Acid .... .... 70 

b. Sesquibasic .. .... .... .... 71 

c. Monobasic .... .... .... 72 

d. Acid Mercurous Nitrate .... .... .... 73 

Nitrate of Mercuroso-mercuric Oxide .... .... 73 

Nitrate of Mercuric Oxide. 

a. Sexbasic. b. Terbasic. c. Bibasic .... 74 

d. Monobasic? .... .... .... .... 75 

Phosphonitrate of Mercurous Oxide. Hg' 2 ? N0 5 -i- 

3Hg*0,PO + 2Aq[ .... .... 75 

Nitrate of Mercurous Oxide with Phosphide of Mercury .... 75 
Nitrate of Mercuric Oxide with Phosphide of Mercury. 

Hg n P+3(2UgO,N0 5 ) .... .... .... 76 

Nitrate of Mercuric Oxide with Sulphide of Mercury. 

2llgS + HgO,N0 5 .... .,.. .... .... 76 

Nitrate of Mercuric Oxide with Protiodide of Mercury 7*> 

Ammouio-protoxide of Mercury, or Mercurate of Ammonia 77 

Hyposulphite of Mercuric Oxide and Ammonia .... 78 

Trisulphate of Mercurous Oxide witli Mercurous Amide?.... 78 

Trisulphate of Mercuric Oxide with Mercuric Amide: 

Ammoniacal Turpethum. ITg,NH a + 3Hg0 5 S0 3 .... 79 

Sulphate of Mercuric Oxide and Ammonia .... .... 80 

Ammonio-diniodide of Mercury, or lodomercurite of 

Ammonia .... .... .... .... 80 

Ammonio-protiodide of Mercury, or lodomercurate of 

Ammonia. 

a. "With 1 At. Acid.-NH a ,HgL 6. With 2 At. 

Acid. NH 3 ,2HgI .... .... .... 80 



CONTENTS. 

Page 
Mercuric Amido-iodide, or Mercuric Nitre-iodide. HgN 3 , 

HgI,2HgO, or Hg 3 N,HgI + 2Ag. .... .... 81 

Iodide of Mercury and Ammonium.- NH 4 I + 2HgI.... 82 

Arnmonio-protobromide of Mercury, or Bromomercurate of 

Ammonia .... .... 82 

Amido-bromide of Mercury .... .... 83 

Bromide of Mercury and Ammonium .... .... 83 

Bromate of Mercurous Oxide with Ammonia? .... 83 

Mercuric Bromate with Mercuric Amide, or Hydrated 

Bromate of Mercuric Oxide with Nitride of Mercury. 

HgNH 8 + SHgOJBrO 8 , or HgN + HgO.BrO 5 + 2Aq ..... 83 
Ammonio-dichloride of Mercury, or Chloromercurite of 

Ammonia. NH 3 5 Hg 2 Cl .... .... ... 83 

Mercurous Amido- chloride. Hg 2 NH 2 +Hg 2 Cl .... 84 

Ammonio-protochloride of Mercury, or Chloroinercurate of 

Ammonia. NH 3 ,2l-IgCl.... .... .... 84 

Mercuric Amido-chloride : Infusible White Precipitate. 

.... .... 85 



Mercuric Amido-chloride with Sal-ammoniac: Fusible White 
Pwripitote. Hg,NH s H-HgCl + NH 4 Cl, or N^Qci 87 

Mercuric Amid-oxychloride. Hg,NH?+HgCl+2HgO .... 88 
Nitrochloride of Mercury. Hg 3 N,2HgCl .... 89 

Protochloride of Mercury and Ammonium. 

a. With excess of Sal-ammoniac : Salt of Wisdom, Sal 
Alembroth .... .... .... ..., 89 

b. Mono-acid.- NH 4 Cl,HgCl .... .... 90 

o. Bi-acid. NH 4 Cl,2HgCl .. . .... .... 91 

Nitrate of Mercurous Oxide and Ammonia. 

a. Basic : Plahnemann's Soluble Quicksilver. 3Hg 2 -f 

NH 4 0,N0 5 .... .... .... 91 

6. Monobasic .... .... .... .... 94 

Compounds of Basic Mercuric Nitrate with Mercuric Amide. 

a. HgNH*-h5Hg0 3 NO 5 .... .... 94 

b. HgNH 2 -f3HgO 3 NO 5 .... .... .... 95 

c. HgNH* + 2HgO,NO s .... .... 95 

d. HgNH 2 + 3HgO,N0 5 + NH 4 0,N0 5 (Kane), or 
2HgO-)rNH 3 ,N0 5 (C. G. Mitscherlich) .... 96 

e. Hg, NH 2 + 3HgO, NO 5 + 2(NH 4 O, NO 5 )'. + 2 Aq., or 
4HgO-f3(NH 4 5 N0 5 ) .... .... 96 

Soubeiran's so-called Mercurous Salt: Protonitrate ammo- 

niaco-mercuriel .... .... .... ..,. 97 

Mercury and Potassium. 

Potassium-amalgam .... .... .... 97 

Sulphide of Mercury and Potassium (hydrated). K!S,HgS 

+ 5Aq. ... .... .... .... 98 

Hyposulphite of Mercurous Oxide and Potash .... 98 



Tf Sulphate of Mercuric Oxide and Potash. KO,S0 2 

+ 3HgO,S0 2 +2A<i. 
Iodide of Mercury and Potassium. 

a. Mono-acid. KI,HgI? .... .... .... 99 

b. Bi-acid. KI,2HgI .... .... .... 100 

c. Ter-acid. KI,3HgI? .... .... .... 131 

Bromide of Mercury and Potassium. 

a. Mono-acid. KBr,HgBr? .... .... 101 

b. Bi-acid. KBr,2HgBr .... .... .... 101 

Chloride of Mercury and Potassium. 

a. Mono-acid . KCl,HgCl .... .... .... 101 

b. Bi-acid. KCl,2HgCLc. Quadracid. KCl 5 4HgCl. 102 

Mercury and Sodium. 

Sodium-amalgam .... .... .... .... 103 

Hyposulphite of Mercuric Oxide and Soda .... 103 

Iodide of Mercury and Sodium .... .... .... 104 

Bromide of Mercury and Sodium .... .... 104 

Chloride of Mercury and Sodium. NaCl,2HgCl .... 104 

Amalgam of Potassium and Sodium .... .... 105 

Mercury and Lithium. 

Lithium-amalgam .... .... .... .... 105 

Chloride of Mercury and Amalgam .... .... 105 

Mercury and Barium. 

Barium-amalgam .... .... .... .... 105 

Sulphide of Mercury and Barium .... .... 105 

Hyposulphite of Mercuric Oxide and Baryta ..., .... 106 

Iodide of Mercury and Barium. 

a. Mono-acid. BaI,HgI. . Bi-acid. Bal,2llgl ? lOfi 

Bromide of Mercury and Barium .... .... .... 106* 

Chloride of Mercury and Barium. BaCl,2HgCl .... 10(5 

Uydrated. BaCl 5 2lIgCl+2Aq, .... .... 10(1 

Mercury and Strontium. 

Strontium-amalgam .... .... .... 106* 

Hyposulphite of Mercuric Oxide and Strontia.... .... 107 

Iodide of Mercury and Strontium .... .... 107 

Bromide of Mercury and Strontium. 

a. Mono-acid. b. Bi-acid .... .... .... 107 

Chloride of Mercury and Strontium .... .... 107 

Mercury and Calcium. 

Calcium-amalgam .... .... .... .... 107 

Mercurate of Lime .... .... .... 107 

Hyposulphite of Mercuric Oxide and Lime .... .... 107 

Iodide of Mercury and Calcium .... .... 107 

Bromide of Mercury and Calcium .... .... 107 



Chloride of Mercury and Calcium. 

a. Bi-acid. CaCl,2HgCl + 6Aq .... 108 

b. Penta-acid. CaCl,5HgCl.... .... .... 108 

Hydrated. CaCl,5HgCl + 8 Aq .... 108 

Mercury and Magnesium, 

Magnesium-amalgam .... .... .... 108 

Iodide of Mercury and Magnesium .... .... 109 

Bromide of Mercury and Magnesium .... .... 109 

Chloride of Mercury and Magnesium. 

a. Mono-acid. MgCl,HgCl. b. Ter-acid, MgCl, 
31-IgCl .... .... ... .... 109 

Mercury and Cerium. 

Chloride of Mercury and Cerium ..,. .... 109 

Mercury and Yttrium, 

Chloride of Mercury and Yttrium .... .... 109 

Mercury and Glucmum. 

Chloride of Mercury and G-lucinuin .... .... 109 

Mercury and Aluminum, 

Aluminum-amalgam .... .... .... .... 110 

Mercury and Zirconium. 

Zirconium-amalgam .... ..,. .... .... 110 

Mercury and Siliciuni. 

Silicate of Mercurous Oxide .... .... 110 

Mercurous Silicofluoride. Hg 2 F,SiP 2 .... .... 110 

Mercuric Silicofluoride, HgE,SiF J .... .... 110 

Mercury and'Tungsten. 

Tungst ate of Mercurous Oxide .... .... .... Ill 

Tungstate of Mercuric Oxide. 

a. Sesquibasic. b. Sesqui-acid .... .... Ill 

Mercurous Sulphotungstate. Hg 2 S,WS 3 .... .... Ill 

Mercuric Sulphotungstate. HgS i 'WS 3 ... .... Ill 

Tungstate of Mercuric Oxide and Ammonia .... .... Ill 

Mercury and Molybdenum. 

Molybdate of Mercurous Oxide .... .... 112 

Mercurous Sulphomolybdate. Hg 2 S,MoS 3 .... .... 112 

Mercuric Sulphomolybdate. HgS ; MoS 3 .... 112 

Mercurous Persulphomolyhdate, Hg 2 S 3 MoS 4 .... 112 

Mercuric Persulphomolybdate. HgS 3 MoS 4 .... 112 

Mercury and Vanadium. 

Vanadite of Mercuric Oxide .... .... .... 112 



CONTENTS. 

Yanadiate of Mercurous Oxide. 

a. Mono-acid .... .... .... ' 

b. Bi-acid 
Vanadiate of Mercuric Oxide. 

0. Mono-acid. 6. Bi-acid 

Mercury and Chromium. 

Chr ornate of Mercurous Oxide. 

a. Basic. 4Hg 2 5 O0 3 , f b. Neutral. Hg s O,Cr0 8 
Chr ornate of Mercuric Oxide 
^[ Bichromate of Ammonia with Protochloride of Mercury. 

NH"0,2Cr0 3 + HgCl + Aq. 
If Monochromate of Potash with Protochloride of Mercury. 

KO,Cr0 3 + 2Hg01.... 
*f Bichromate of Potasli with Protochloride of Mercury. 



Mercury and Manganese. 

Manganese-amalgam .... 

Bromide of Mercury and Manganese 

Chloride of Mercury and Manganese 
Mercury and Arsenic. 

Arsenical Amalgam 

Arsenite of Mercurous Oxide 

Arsenite of Mercuric Oxide 

Arseniate of Mercurous Oxide. 

a. Bibasic. b. Monobasic .... 

Arseniate of Mercuric Oxide 

Mercurous Sulpharsenite. 2Hg 2 S,AsS 3 

Mercuric Sulpharsenite. 

0. Bibasic.-~2HgS 3 AsS 3 .-~ I. Monobasic. HgS,AsS 3 

Mercurous Sulpharseniate. 2Hg' 2 S 5 AsS 5 

Mercuric Sulpharseniate. 2HgS,AsS 5 

Chlorarsenide of Mercury. 

a. Hg 9 As ? 3lIgCl, or As,3Hg a 01 ..., 

b. Hg a As,2HgCl, or As 3 2H-|d 

c. ngAs,HgCl, or As,Hg-Cl 

Nitro-arseuiate of Mercurous Oxide, 2Hg a O, AsO 5 + 
Hg0,NO a 

Mercury and Antimony. 

Antimonial Amalgam .... .... 

Antimoniate of Mercurous Oxide 

Anthnoniate of Mercuric Oxide 

Mercurous Sulphantimoniate. SPIg^S^SbS 5 .... 

Mercuric Sulpliantimoniate. 3HgS,SbS 5 

Mercury and Tellurium. 
Tellurium-amalgam .... 
Tellurite of Mercurous Oxide 



Xli CONTENTS. 

Page 

TeUurite of Mercuric Oxide .... .... .... 121 

Tellurate of Mercurous Oxide .... .... 121 

Tellurate of Mercuric Oxide .... .,.. .... 122 

Mercurous Sulphotellurate. 3Hg 2 S,TeS 2 .... 122 

Mercuric Sulphotellurite. 3HgS,TeS 2 .... .... 122 

Mercury and Bismuth. 

Bismuth-amalgam .,., ,. .... 122 

Mercury and Zinc. 

Zinc-amalgam .... ,... .,.. .... 122 

Selenide of Mercury and Zinc .... ,,.. 123 

Iodide of Mercury and Zinc .... .,.. .... 123 

Chloride of Mercury and Zinc .... .... 123 

Mercury and Cadmium. 

Cadmium-amalgam .... .... .... .... 124 

Iodide of Mercury and Cadmium .... .... 124 

Mercury and Tin. 

Tin-amalgam .... .... ... .... 124 

Stannate of Mercurous Oxide .... .... 125 

Stannate of Mercuric Oxide .... .... .... 125 

Chloride of Mercury and Tin. SnCljHg^Cl .... 125 

Amalgam of Tin and Bismuth .... .... .... 126* 

Amalgam of Tin and Zinc .... .... .... 126 

Mercury and Lead. 

Lead-amalgam .... .... .... .... 126 

Selenide of Mercury and Lead .... .... 127 

Amalgam of Antimony and Lead.... .... .... 127 

Amalgam of Bismuth and Lead .... .... 127 

Amalgam of Tin and Lead .... .... .... 1^7 

Amalgam of Bismuth, Tin, and Lead .... .... 128 

* 

Mercury and Iron. 

Iron-amalgam .... .... .... .... 128 

Iodide of Mercury and Iron .... .... 129 

Bromide of Mercury and Iron ..., .... .... 129 

Chloride of Mercury and Iron .... .... 129 

Mercury and Cobalt. 

Cobalt-amalgam .... .... .... .... 129 

Chloride of Mercury and Cobalt .,.. .... 129 

Mercury and Nickel. 

Nickel-amalgam .... .... .... .... 130 

Chloride of Mercury and Nickel ..,. .... 130 



CONTENTS. 

Mercury and Copper. 

Copper-amalgam .... .... .... .... 101 

Hyposulphite of Mercurous and Cuprous Oxide. 

5(Cu 2 0,S 2 2 )+3(Hg 2 O,S 2 2 )? .... .... 131 

Chloride of Mercury and Copper .... .... .... 131 

Chloride of Mercury, Copper, and Potassium. 

3(KCl,HgCl) + CuCl + 2Aq. .... .... 131 

Other Compounds of Mercury .... .... .... 13$ 



CHAPTER XXXVII. SILYER 

Memoirs. History. Sources .... .... .... 135 

Preparation .... .... ,. .... .... 13 

Purification .... . .... .. . .... .... 13* 

Properties .... .... .... .... . 13< 

COMPOUNDS OF SILVEB. 
Silver and Oxygen. 

Suboxide of Silver. Ag 2 1 .... .... 138 

Silver-oxide. AgO .... .... .... .... 139 

Aqueous Solution of Silver-oxide .... .... 140 

Silver-salts .... .... .... .... 140 

Peroxide of Silver? .... .... .... 145 

Silver and Carbon. 

Carbide of Silver. 

a. Ag*C. b. AgC .... .... .... 146 

Carbonate of Silver-oxide .... .... .... 146 

Silver and Boron. 

Borate of Silver-oxide .... .... .... 147 

Silver and Phosphorus. 

Phosphide of Silver .. .... .... 147 

Phosphate of Silver-oxide. 

a. Triphosphate. 3AgO,cP0 5 .... .... 148 

b. Acid Phosphate. 2AgO,HO,6'P0 5 .... 148 

Pyrophosphate of Silver-oxide. SAgO^PO 3 .... .... J49 

Metaphosphate of Silver-oxide. 

a. Sesquibasic. 3AgO,2P0 5 .... .... 149 

b. Monobasic. 

Anhydrous. AgO } aP0 3 . Hydrated. 3(AgO, 
aP0 5 ) + 2Acj.. .... .... .... 150 

c. Acid Metaphosphate .. .... 151 

Fleitmann & Henneberg's Phosphates. 

6AgO,4P0 5 and 6AgO,5P0 5 .... .... .... 151 



CONTENTS. 

Page 
Silver and Sulphur. 

Sulphide of Silver .... .... - 151 

Hyposulphite of Silver-oxide .... .... 152 

^f Pentathionate of Silver-oxide .... .... 153 

Tetrathionate of Silver-oxide .... .... 153 

Trithionate of Silver-oxide .... .... .... 153 

Sulphite of Silver-oxide .... .... .... 153 

Hyposulpliate of Silver-oxide .... 153 

Sulphate of Silver-oxide .... .... 154 

Sulphocarbonate of Silver .... .... .- 154 

Sulphide of Phosphorus and Silver, 
a. Hyposulphophosphite of Silver. 

a. Bibasic. 2AgS,PS.--/3. Monobasic, AgS,PS 155 

ft. Sulphophosphite of Silver. 2AgS,PS s .... 155 

c. Sulphophosphate of Silver. 2AgS J PS 5 .... .... 155 

Silver and Selenium. 

Protoselenide of Silver .... .... .... 155 

Biselenide of Silver .... .... .... .... 156 

Selenite of Silver-oxide .... .... .... 156 

Seleniate of Silver-oxide .... .... .... 157 

Silver and Iodine. 

Iodide of Silver .... ..,. .... 157 

lodate of Silver-oxide .... .... .... 158 

Periodate of Silver-oxide. 

a. Bibasic. 

a. Mono-hydrated. . Ter-hydrated .... 158 

b. Monobasic .... .... .... .... 159 

Silver and Bromine. 

Bromide of Silver .... .... .... 159 

Aqueous Bromide of Silver and Hydrogen, or Acid Hydro- 

br ornate of Silver-oxide .... .... .... 160 

Hypobromite of Silver-oxide .... .... 160 

Bromate of Silver-oxide .... .... .... 160 

Silver and Chlorine. 
Bichloride of Silver 

Proto chloride of Silver : Horn-silver,, Luna cornea .... 162 

Aqueous Chloride of Silver and Hydrogen, or Acid Hydro- 
chlorate of Silver-oxide .... .... .... 16 

Hypochlorite of Silver-oxide .... .... 166 

Chlorite of Silver-oxide .... .... .... 166 

Chlorate of Silver- oxide .... .... .... 167 

PercMorate of Silver-oxide .... .... .... 167 

Chloriodide of Silver .... .... .... 167 

J Chlorobromicle of Silver .... .... .... 167 



CONTENTS. XV 

Page 
Silver and Fluorine. 

Fluoride of Silver .... .... .... 168 

Silver and Nitrogen. 

Nitrate of Silver-oxide. 

a. Basic? .... .... .... .... 168 

b. Monobasic or Neutral .... .... 169 

Nitrate of Silver-oxide .... .... .... 170 

Nitrate of Peroxide of Silver .... .... 172 

Silver-oxide with Ammonia : Argentate of Ammonia. 

0. Solid Compound. 

a. Pulverulent. /3, Crystalline .... .... 172 

b. Liquid Compound .... .... .... 173 

Hyposulphite of Silver-oxide ancl Ammonia. 

a. 2(NH 8 ,S"0' 2 )+AgO,S 2 0- 2 .... .... .... 173 

b. NH^SW+AgQjS'O 2 ? .... .... 173 

Sulphite of Silver -oxide and Ammonia .... .... 174 

Argento-hyposulphate of Ammonia. NH^AgO'-j-NIPO, 

S 2 5 .... .... .... .... 174 

Argento-sulphate of Ammonia. NE%AgO 4-NH 3 ,S0 3 .... 174 

Ammonio-sulpliate of Silver-oxide. NH 3 + AgO,S0 3 174 

Argento-seleniate of Ammonia. NH^AgO+NH^SeO 3 .... 175 

Ammonio-iodide of Silver .... .... .... 175 

Ammonio-bromide of Silver .... .... .... 175 

Argento-bromate of Ammonia. NH 3 , AgO + NH 3 ,Br0 5 175 

Ammonio-chloride of Silver. 3NH 3 ,2AgCl .... .... 176 

Chloride of Silver and Ammonium .... .... 176 

Argento-perchlorate of Ammonia .... .... 176 

Argcnto-nitrite of Ammonia .... .... 176 

Ammonio-nitrate of Silver-oxide. 3NH 3 ,AgO,N0 5 .... 177 

Argento-nitrate of Ammonia. NH 3 , AgO 4- NH 3 ,N0 5 . 177 

Silver and Potassium. 

Alloy of Silver and Potassium .... .... .... 177 

Argentate of Potash .... .... .... 178 

Carbonate of Silver- oxide and Potash .... .... 178 

Sulphide of Silver and Potassium .... .... 178 

Hyposulphite of Silver-oxide and Potash .... .... 178 

Sulphite of Silver-oxide and Potash .... .... 178 

Sulphate of Silver-oxide and Potash .... .... 178 

Iodide of Silver and Potassium. 

a. Bibasic. 2KI,AgL &. Monobasic. KI 3 AgI 178 

Chloride of Silver and Potassium .... .... .... 179 

j[ Nitrate of Silver-oxide and Potash, .... .... 179 

Silver and Sodium. 

Silver with Borax and Microcosmic Salt .... .... 179 

^j Metaphosphate of Silver-oxide and Soda .... ^179 



L CONTENTS. 

Hyposulphite of Silver-oxide and Soda. 

a. 2(NaO,SW) + AgO,S 2 2 .... .... 179 

b. NaO,S 2 2 + AgO,S 2 2 .... .... .... 180 

Sulphite of Silver-oxide and Soda .... .... 180 

Chloride of Silver and Sodium .... .... .... 180 

f[ Nitrite of Silver-oxide and Soda .... .... 181 

Silver and Barium. 

Alloy of Silver and Barium .... .... .... 181 

Chloride of Silver and Barium .... .... 181 

^f Nitrite of Silver-oxide and Baryta .... .... 181 

Silver and Strontium. 

Hyposulphite of Silver-oxide and Strontia .... 181 

Silver and Calcium. 

Hyposulphite of Silver-oxide and Lime .... .... 181 

Chloride of Silver and Calcium .... .... 182 

Silver and Silicium. 

Alloy of Silicium and Silver .... .... .... 182 

Carbide of Silicium and Silver .... .... 182 

Fluoride of Silicium and Silver. AgF,SeF" .... .... 182 

Silver-oxide with glass-fluxes .... .... 182 

Silver and Tantalum. 

Tantalate of Silver-oxide .... .... .... 182 

Silver and Tungsten. 

Alloy of Silver and Tungsten .... .... 182 

Tungstate of Silver- oxide .... .... .... 182 

Sulphotungstate of Silver. AgS,WS 3 .... .... 183 

Silver and Molybdenum. 

Alloy of Silver and Molybdenum .... .... .... 183 

Molybdate of Silver-oxide. 

<[[ a. Monomolybdate. I. Acid Molybdato .... 183 

Sulphomolybdate of Silver. AgS,MoS 3 .... .... 183 

Persulphoniolybdiite of Silver. AgS,MoS' 1 .... 183 

Silver and Vanadium, 

Vanadiate of Silver-oxide. 

a. Moiiovanadiate. Z>. Bivanadiate .... .... 183 

Silver and Chromium. 

Chromate of Silver-oxide. 

a. Monochromate. I. Bichromate.... .... 184 

Argento -cm-ornate of Ammonia. NIl 3 ,AgO + NH 3 ,Cr0 8 .... 184 

Silver and Uranium. 

Uranate of Silver-oxide .... .... .... 186 



CONTENTS, xv ii 

Page 
Silver and Manganese. 

Permanganate of Silver-oxide .... .... ^ i8G 

Silver and Arsenic. 

Arsenide of Silver .... .... ... 186 

Arsenite of Silver-oxide .... .... .... 186 

Arseniate of Silver-oxide. 

a. Terbasic.- 3AgO,As0 5 .... .... 186 

b. Acid Arseniate .... .... .... 187 

Sulpharsenite of Silver. 

a. Twelve-basic. 12AgS,AsS 3 .... .... 188 

b. Terbasic. 3 A.gS,&s&. Light-red Silver ._ 188 

c. Bibasic.~2AgS,AsS 3 .... .... 188 

d. Monobasic. AgS,AsS :i .... .... .... 188 

Sulpharseniate of Silver. 3AgS 3 AsS 5 , and 2AgS,AsS 5 183 

Silver and Antimony. 

Antimonide of Silver : Native .... .... 189 

Antimoniate of Silver-oxide .... .... .... 189 

Sulphantimonite of Silver. 

a. Polybasite. 2AgS,SbS 3 .... .... 189 

b. Psaturose.6AgS y Sl>S* .... .... .... 190 

c. Dark-red \Silver, or Antimonial Silver- blende. 

3AgS ; SbS :i .... .... .... 190 

d. Mmwnte.--AgS,SbS 3 .... .... .... 191 

Stilpliantimoniate of Silver .... .... .... 191 

Alloy of Silver, Antimony, and Potassium .... .... 192 

Silver and Tellurium. 

Telluride of Silver : Native. A^Te .... .... 192 

Tellurite of Silver-oxide. 

a. Monotellurite. AgO/TeC) 2 . b. Bitellurite 2 .... 192 

Tellurate of Silver-oxide. 

a. Terbasic. b. Sesquibasic. c. Monobasic. d. Bi- 

acid. e. Quadracid .... .... .... 193 

Sulphotelhmte of Silver. 3 AgS 3 TeS 2 .... .... 193 

Chloride of Tellurium and Silver .... .... 193 

Silver and Bismuth. 

Silver- bismuth .... .... .... .... 193 

Silver and Zinc. 

Silver-zinc .... .... .... .... 193 

Silver and Tin. 

Silver-tin .... .... .... .... 194 

Stannate of Suboxide of Silver : Silver-purple .... 194 

Silver and Lead. 

Silver-lead .... .... .... .... 194 

Oxide of Silver and Lead. 2Pb0 3 AgO .... .... 395 



Xviii CONTENTS. 

Page 
Sulphide of Silver and Lead .... .... .... 195 

Hyposulphite of Silver-oxide and Lead-oxide .... 195 

Sulphide of Antimony, Silver, and Lead : Donacarffyrite. 

. .... .... .... 195 



Silver and Iron. 

Silver-iron .... .... .... .... 195 

Carbide of Silver and Iron : Silver-steel .... .... 196 

Sulphide of Silver and Iron. Sternbergite .... 196 

Silver and Nickel. 

Silver-nickel .. .... .... .... 196 

Silver and Copper. 

Silver-copper .... .... .... .... ' 197 

Sulphide of Silver and Copper : Argentiferous Copper-glance, 

Stromeyerine.-^Cu-SiAgS .... .... .... 197 

Selenide of Silver and Copper : JEukairite. Cu 2 Se, AgSe 1 97 

Silver and Mercury, 
Silver-amalgam . 

Artificial .... .... .... .... 198 

Native : a. Arquerite. HgAg G .-~ b. Native Amalgam. 
Hg 2 Ag and Hg 3 Ag .... .... 19!) 

Nitrate of Silver-oxide and Mercuric Oxide. HgO,N0 5 + 
AgO,N0 5 .... .... .... .... 199 

Nitrate of Mercuric Oxide with Iodide of Silver. 
2AgH-2(Hg0 3 N0 5 )H-Aq. .... .... 199 

Other Compounds of Silver .... .... .... 199 



CHAPTER XXXVIII. GOLD. 

Memoirs, &c., relating to Gold, History .... .... .... 200 

Sources and Preparation .... .... .... .... 201 

Properties .... .... .... .... .... 204 



COMPOUNDS or GOLD. 



Gold and Oxygen. 

Protoxide of Gold, or Aurous Oxide. AuO ... 205 

Purple Oxide of Gold .... .... .... 206 

Teroxide of Gold, Auric Oxide., or Auric Acid. AuO 2 207 

Hydrated Auric Oxide. 

Auric Salts ... .. .... . t . 209 

Perauric Acid. AuO 5 ? .... .... .... 209 

Gold and Phosphorus. 

Phosphide of Gold .... .... .. (> glO 



CONTENTS. XIX 

Gold and Sulphur. 

Protosulphide of Gold 3 or Aurous Sulphide .... 210 

Tersulplnde of Gold, or Auric Sulphide .... " .... 210 

Sulphate of Auric Oxide .... .... .... 211 

Sulphocarbonate of Gold. AuS 3 ,3CS 2 .... .... 211 

Gold and Iodine. 

Protiodide of Gold, or Aurous Iodide .... .... 211 

Teriodide of Gold, or Auric Iodide .... .... 213 

lodate of Auric Oxide .... .... .... 214 

Gold and Bromine. 

Terbromide of Gold .... .... .... .... 214 

Gold and Chlorine. 

Protochloride of Gold, or Aurous Chloride .... 215 

Terchloride of Gold, or 'Auric Chloride .... .... 215 

Aqueous Terchloride of Gold, or Terchloride of Auric 

Oxide : Normal Solution of Chloride of Gold .... 216 

Hydrochlorate of Auric Chloride.... .... .... 216 

Acid Solution of Chloride of Gold : Ordinary Gold- 
Solution ... .... .... .... 217 

Gold and Nitrogen. 

Nitride of Gold ? .... .... .... .... 222 

Nitrate of Auric Oxide .... .... .... 222 

Aurite of Ammonia .... ..,. .... .... 222 

Aurate of Ammonia : Fulminating Gold.,.. .... 222 

Iodide of Gold and Ammonium ...: .... .... 225 

Chloride of Gold and Ammonium* 

a. Yellow, b. Bed .... .... .... 225 

Gold and Potassium. 

Alloy of Gold and Potassium .... .... .... 226 

Aurite of Potash .... .... .... 226 

Aurate of Potash .... .... .... .... 226 

Sulphide of Gold and Potassium : Aurosulphide of Potassium 227 
f Aurosulphite of Potash. KO,Au0 3 + 4(KO,2SO 2 ) + 2A<i..... 227 

lodo-aurate of Potassium. KI,Aul 3 .... .... 228 

Bromo-aurate of Potassium. KBr,AuBr 3 .... .... 228 

Chloro-aurite of Potassium. KCl,AuCl.... .... 229 

Chloro-aurate of Potassium.- KCl,AuCl 3 .... .... 229 

Aurate of Potash with Chloride of Potassium .... 230 

Gold and Sodium. 

*[[ Sulphide of Gold and Sodium : Auwsulphide of Sodium .... 230 

^f Hyposulphite of Aurous Oxide and Soda .... 231 

Hyposulphite of Auric Oxide and Soda .... .... 232 

<J[ Sulphite of Aurous Oxide and Soda ? .... .... 232 

lodo-aurate of Sodium .... .... .... 232 



XX UUJNJL fiiJN 10. 

Page 

Bromo-aurate of Sodium .... .... .... 232 

Chloro-aurate of Sodium. NaCl.AuCl 3 .... .... 232 

Aurate of Soda with Chloride of Sodium .... 233 

Gold and Lithium. 

Chloro-aurate of Lithium .... .... .... 233 

Gold and Barium. 

Aurate of Baryta .... .... .... 233 

^f Hyposulphite of Aurous Oxide and Baryta ? .... .... 233 

lodo-aurate of Barium .... .... .... 233 

Bromo-aurate of Barium .... .... .... 233 

CMoro-aurate of Barium .. .... .... 233 

Aurate of Baryta with Chloride of Barium .... .... 234 

Gold and Strontium. 

lodo-aurate of Strontium .... .... .. 234 

CMoro-aurate of Strontium .... ..,. .... 234 

Aurate of Strontia with Chloride of Strontium .... 234 

Gold and Calcium. 

Chloro-aurate of Calcium .... .... .... 234 

Aurate of Lime with Chloride of Calcium .... 234 

Gold and Magnesium. 

Aurate of Magnesia .... .... .... .... 234 

Bromo-aurate of Magnesium .... .... 234 

Chloro-aurate of Magnesium .... .... .... 235 

Aurate of Magnesia" with Chloride of Magnesium .... 235 

Gold and Silicium. 

Glass-fluxes coloured by Gold : Ruby-glass .... .... 235 

Gold and Tungsten. 

Alloy of Gold and Tungsten .... .... 237 

Auric Stilphotungstate. AuS^SWS 3 .... .... 237 

Gold and Molybdenum. 

Alloy of Gold and Molybdenum .... .... 237 

Molybdate of Auric Oxide .... .... .... 237 

Auric Sulpbomolybdate. AuS 3 ,3MoS 3 .,.. .... 237 

Auric Persulphomolybdate. AuS",3MoS 4 .... ... 237 

Gold and Manganese. 

Alloy of Gold and Manganese .... .... 237 

Bromo-aurate of Manganese .... .... .... 237 

Chloro-aurate of Manganese .... .... 237 

Gold and Arsenic. 

Arsenide of Gold .... .... .... .... 238 



Page 
Auric Sulpharsenite .... .... .... 238 

Auric Sulpharseniate. AuS 3 ,AsS 5 .... .... 238 

Gold and Antimony. 

Antimonide of Gold .. .... .... 238 

Gold and Tellurium. 

Telluride of Gold .... .... .... .... 238 

Auric Sulphotellurite. AuSVTeS 2 .... .... 238 

Oold and Bismuth. 

Alloy of Gold and Bismuth .... .... .... 238 

Gold and Zinc. 

Alloy of Gold and Zinc .... .... .... 239 

Bromo-aurate of Zinc .... .... 239 

Chloro-aurate of .Zinc .... .... .... 239 

Oold and Cadmium. 

Cliloro-aurate of Cadmium .... .... ..., 239 

G-old and Tin. 

Alloy of Gold and Tin .... .... .... 239 

Stannate of Auroras Oxide 2 Gold-purple, Purple of Cassius 239 

O-old and Lead. 

Alloy of Gold and Lead .... .... .... 245 

Telluride of Lead and Gold? Foliated Tellurium .... 245 

CBrold and Ircnu 

Alloy of Gold and Iron .... .... ..,. 245 

Carbide of Gold and Iron .... .... .... 246 

lodo-aurate of Iron .... .... .... 246 

Orold and Cobalt. 

Alloy of Gold and Cobalt .... .,.. ..,. 246 

Chloride of Gold and Cobalt .... ..,. 246 

Oold and Nickel. 

Alloy of Gold and Nickel . .. ,.,. .... 246 

Chloride of Gold and Nickel .... .... 246 

Oold and Copper. 

Alloy of Gold and Copper .... .... .... 246 

Alloy of Gold, Copper, and Zinc .... .... 246 

Oold and Mercury. 

Amalgam of Gold .... .... .... ,,.. 247 

VOL. vi. c 



CONTENTS. 



f*MH and Silver. 

loy of Gold and Silver : Auriferous Silver and Electrum 
Telluride of Gold and Silver. 

a. Auriferous Telturide of Gold. 5AgTe, AuTe 

b. Graphic Tellurium. AgTe 4 ,AuTe 3 ? 

c. White Telluriums AgTe 3 ,AuTe 3 
Alloy of Gold, Silver, and Copper 
Amalgam .of Gold and Silver .. 

Other Compounds of Gold .,.. .... ,,.. 



CHAPTER XXXIX. PLATINUM, 

Memoirs relating to Platinum, &c. 
History. Sources 

Analysis of Platinum-ore) and Preparation of Platinum, Palladium, 
Rhodium, Osmium, and Iridium. 

A. According to Yauquelin, Wollaston, and others 

B. According to Berzelius. 

a. Complete process, adapted for Quantitative Analysis 

b. Shorter process, adapted to the preparation of the 
five metals 

C. According to Dobereiner and Weiss.... 

Methods specially adapted for separating the Platinum .... 
Special processes for the treatment of the residue insoluble 
in aqua-regia (Osmide of Iridium). 

a. According to Wb'hler .... .... .... 

b. According to Persoz 
C. According to Fre'my 

Processes for rendering Platinum malleable. 

a. "Wollas ton's Process 

b. Bxissian Process for the coinage of Platinum 
Properties of Platinum 

Platinum-deposits on Glass 
Platinum-deposits on Copper and Brass 
Spongy Platinum 
Platinum-black.... 

COMPOUNDS OF PLATINUM. 

Platinum and Oxygen. 
Platinoua Oxide. PtO 

Hydrate of Platinoids Oxide 

Platinous Salts .... 
Platinic Oxide. PtO* 

Hydrate of Platinic Oxide 

Platinic Salts 



CONTENTS. xxiii 

Page 
Platinum and Carbon. 

Carbide of Platinum. PtC 2 .... .... .... 285 

Platinum and Boron. 

Boride of Platinum ? .... .... .... 286 

Platinum and Phosphorus. 

Phosphide of Platinum .... .... .... 286 

Platinum and Sulphur. 

Protosulphide of Platinum, or Platinous Sulphide .... 286 

Bisulphide of Platinum, or Platinic Sulphide .... .... 287 

Oxidized Sulphide of Platinum .... .... 288 

' Sulphite of Platinous Oxide? .... . .,.. .... 289 

Sulphate of Platinous Oxide ..., .... 289 

Sulphate of Platinic Oxide .... ..., .... 290 

Sulphocarbonate of Platinum. PtS 2 ,2CS 2 .... 290 

Platinum and Selenium. 

Selenide of Platinum .... .... .... .... 290 

Platinum and Iodine. 

Protiodide of Platinum, Platinous Iodide, or lodoplatinous 

Acid ... .... .... .... 290 

Sesqui-iodide of Platinum .... .... .... 291 

Biniodide of Platinum, Platinic Iodide, or lodoplatinic Acid 291 

Hydriodate of Platinic Iodide. PtI%TII .... .... 292 

lodate of Platinic Oxide .... .... .... 292 

Platinum and Bromine, 

Bibromide of Platinum, Platinic Bromide, or Bromoplatinic 

Acid .... .... .... .... 292 

Bromate of Platinous Oxide .... .... 293 

Platinum and Chlorine. 

Protochloride of Platinum, Platinous Chloride., or Chloro- 

platinous Acid .... .... .... .,.. 293 

Hydrochlorate of Platinous Chloride .... .... 293 

Bichloride of Platinum, Platinic Chloride, or Chloroplatinic 

Acid .... .... .... .... .... 294 

Hydrated Bichloride of Platinum .... 295 

Aqueous Bichloride of Platinum, or IJydrochlorate of 

Platinic Oxide .... .... .... 295 

Chlorosulphide of Platinum ? .... .... 295 

Chloriodido of Platinum ? .... .... .... 295 

Nitric Oxide with Bichloride of Platinum ? .... 295 

c2 



CONTENTS. 

Page 

Platinum and Fluorine. 

Bifluoride of Platinum, and Hydrofluate of Platinic Oxide 296 

Platinum and Nitrogen. ^ 

Nitrate of Platinous Oxide .... 

Ammonio-protoxide of Platinum, or Flatmate of Ammonia. 

* wfth 2 At. Ammonia.-2NH%PtO ? HO ~. 206 

?,. With 1 At. Ammonia.-NH 3 J PtO .... -W 

Ammonio-binoxide of Platinum, or Platinate of Ammonia. 

#. Fulminating Platinum .... "" ' 

^"*> 



Ammonio-carbonate of Platinous Oxide 

Sulphoplatinate of Ammonium .... ""cm* 

Sulphite of Platinous Oxide and Ammonia, -N H 4 0,SO- + 

pto,so 2 .... -. - 

Ammonio-sulphate of Platinous Oxide. 

a. With 2 At. Ammonia.-2NH 3 5 Pt0 5 S0 3 . 

a. Yellow. /3. Colourless ... * ' 

b. With 1 At. Ammonia. NH 3 ,PtO,S0 3 .... .- 29 ^ 
Ammonio-sulphate of Platinic Oxide ,... 
Ammonio-protiodide of Platinum. 

a. 2NEP,PtI. . NH 3 ,PtI .... .... 2 " 

lodoplatinate of Ammonium. NH 4 I,2j*tI 
Ainmonio-protochloride of Platinum. 

a. With 2 At. Ammonia. 2NH 3 ,PtCl .... .... 300 

b. With 1 At. Ammonia. NH 3 ,PtCl, 

302 

a. Yellow Modification 

If )3. Hed Modification .... '"' f ** 

y. Green Modification : Magnus's Green Compound .... "^^'* 
^1 Compounds obtained by the action of Sulphite of Ammonia on 

the Green Salt of Magnus and its Yellow Modification .... 305 
Ammonio-bichloride of Platinum. 

a. With 2 At. Ammonia. 2NH 3 3 PtCP .... 305 

1. With 1 At. Ammonia. NH 3 ,PtCl 2 .... 30G 

]f Ammonio-chlorobromide of Platinum. 2OTP,PtClBr .... 30tf 

Chloroplatinite of Ammonium. NH 4 Cl,PtCl ,, 307 
Chloroplatinate of Ammonium: Platinum Sal-ammoniac. 

NffCl,PtCP .... .... .... .... 307 

J Baewsky's Carbonate. 4NH 3 ,Pt 2 C10 5 ,2C0 2 ? .... 301) 

Ammonio-phosphate of Oxy chloride of Platinum .... 309 

fl Eaewsky's Phosphate. 4NH 3 } Pt 2 C10 5 ,P0 5 ,HO .... 309 

Ammonio-sulphate of Oxy chloride of Platinum. 2NH S , 

PtC10,S0 3 .... .... .... .... 310 

![f Eaewsky's Chlorine-compound. 2NH 8 ,PtC10,ClM.... 310 

Fluoplatinate of Ammonium .... .... .... 310 

Ammonio-nitrate of Platinous Oxide. 

a. With 2 At. Amrnoma.-~2NH 3 ,Pt0 5 ]Sr0 5 .... 310 

6. With 1 At. Ammonia. NH 3 3 PtO,N0 5 .... 31} 



CONTENTS. XX 1 

Page 
Ammonio-nitrate of Platinic Oxide ? 

a. With 2 At. Ammonia. 

a. 2NH 3 3 Pt0 2 ,N0 5 + Aq. 0. 2(2NH 3 ,Pt0 2 )3N0 5 

+ Aq ..... .... .... .... 311 

b. With 1 At. Ammonia. 

a. NH 8 3 PtO*,N-0 5 + 3Aq.--/3. NH 3 3 Pt0 2 ,2N0 5 311 
Ammonio-nitrate of Oxychloride of Platinum. ~2NH 3 , 

PtC10,NO .... .... .... .... 311 

Raewsky's Nitrates. 

Bimtrate. 4NH 3 ,PtC10 2 ,2N0 5 ? .... .... 312 

Mononitrate. 2NIP,PtC10 2 3 N0 5 ? .... .... 312 

Gerkardt's Platinum Bases, and General Theory of the Ammo- 

niac al Compounds of Platinum .... .... 313 

Platinamine. NHpt 2 .... .... .... 314 

Sulphate of Platinamine. NHpt 2 ,S0 4 H 2 .... 314 

Bi-hydrochlorate of PJatmamme.~NHpt 2 3 2HCl .... 314 

Nitrate of Platinamine. 

a. Neutral. NHpt 2 ,NH0 3 +2Aq .... .... 315 

5. Binitrate. NIlpt^NHO 3 .... .... 315 

Diplatinamine. N 2 H*pt a .... .... .... 315 

Hydrochlorate of Diplatinamine. 

a. Mono-acid.-~N 2 H 4 pt 2 5 H Cl ? .... .... 316 

b. Bi-acid.-N 2 I-I 4 pt 2 5 2HCl .... .... 316 

Nitrate of Diplatinamine. 

a. Mononitrate. N 2 II 4 pt 2 ,NII0 3 + Aq ..... .... 316 

b. Sesquinitrate.- 2N 2 H 4 pt%3NH0 3 -f Aq ..... 317 
Sesquichlorhydro-carbonate of Diplatinamine: Raewsky's 



.... .... 317 

Sesqiiiclilorhydro-phospliate of Diplatanimine : Jtaewsky^s 

rP0 4 H*,N a n 4 pt2) 
Phospbate.-{ clHjNllirpt9 } .... .... 318 

Bichlorhydro-sulphate of Diplatinamine : Gros 1 Sulphate. 



2ClH,N*II 1 pt 3 
Chlorhydro-nitrato of Diplatinamine, 

/2NH0 3 ,N M H 4 pt !B ) 
a. Sesqui-acid. l^jj^aj-j, ,, j + Aq ..... 318 



b. Bi-acicl.^.--N'- i II' l pt 2 .... .... 319 

Bichlorhydro-chloroplatinate of Diplatinamine. 

.... .... 319 



Platinum and Potassium. 

Alloy of Platinum and Potassium .... .... 320 

Platinite of Potash .... .... .... .... 320 

Platinate of Potash .... .... .... 320 

Sulphide of Platinum and Potassium .... .... 321 



CONTENTS. 

Page 

^f Sulphite of Platinous Oxide and Potash* 

Sulphate of Platinous Oxide and Potash ? .... 321 

Sulphate of Platinic Oxide and Potash .... .... 32 1 

lodoplatinate of Potassium. KI,PtI 2 .... 321 

Bromoplatinate of Potassium. KBr,PtBr* .... 322 

Chloroplatinite of Potassium. KCl,PtCl .... .... 322 

Chloroplatinate of Potassium. KCl,PtCl 2 .... 322 

Fluoplatinate of Potassium .... .... 323 

Nitrate of Platinic Oxide and Potash .... .... 323 

Platinum and Sodium. 

Alloy of Platinum and Sodium .... .... .... 323 

Platinite of Soda . .... .... .... 323 

Platinate of Soda. NaO,3Pt0 3 + 6Aq. .... .... 324 

Platinous Oxide with Borax .... .... 324 

Sulphoplatinate of Sodium .... .... .... 324 

Sulphite of Platinous Oxide and Soda. 

a. 3(NaO,SO*)-!-Pt0 3 S0 2 .... .... 324 

6. Na0 3 SO a -hPUXS0 2 .... .... .... 325 

Sulphate of Platinic Oxide and Soda .... .... 325 

lodoplatinate of Sodium .... .... .... 325 

Bromoplatinate of Sodium, NaBr 3 PtBr 2 .... .... 32f> 

Chloroplatinite of Sodium .... .... .... 32(J 

Chloroplatinate of Sodium. NaCl ; PtCl 2 .... .... 32(; 

Fluoplatinate of Sodium .... .... .... 32(> 

Nitrate of Platinic Oxide and Soda .... .... 32G 

Platinum and Barium. 

Alloy of Platinum and Barium .... .... 327 

Platinate of Baryta .... .... .... <>ti 337 

Sulphate of Platinic Oxide and Baryta .... .... 327 

lodoplatinate of Barium .... .... 4% ^ 307 

Bromoplatinate of Barium .... .... ._ 307 

Chloroplatinate of Barium. BaCl.PtCl 2 .... .... 307 

Platinum and Strontium. 

Platinate of Strontia .... .... <t _ 30^ 

Chloroplatinate of Strontium .... ..,. 338 

Platinum and Calcium. 

Platinate of Lime : HerschePs Precipitate .... 328 

Bromoplatinate of Calcium .... .. 39^ 

Chloroplatinate of Calcium. CaCl,PtCl 2 .... "" 329 

Platinum and Magnesium. 

Bromoplatinate of Magnesium .... 329 

Chloroplatinate of Magnesium.MgCl 3 PtCl 2 .... t ... 330 



CONTENTS. 

Page 

Platinum and Aluminum. 

Sulphate of Platinic Oxide and Alumina .... .... 330 

Platinum and Siliciuni. 

Silicide of Platinum .... .... .... 330 

Platinic Silicofluoride .... .... .... 330 

Platinous Oxide with G-lass.... .... .... 331 

Platinum and Tungsten. 

Alloy of Platinum and Tungsten .... .... 331 

Platinic Sulphotungstate. PtS 2 ,2WS 3 .... .... 331 

Platinum and Molybdenum. 

Alloy of Platinum and Molybdenum .... .,., 331 

Platinic Sulpliomolybdate. PtS 2 ,2MoS 3 .... 331 

Platinic Persulphomolybdate .... .... .... 331 

Platinum and Vanadium. 

Alloy of Platinum and Vanadium .... .... 331 

Platinum and Chromium. 

Chromate of Platinic Oxide .... .... .... 331 

Platinum and Manganese. 

Bromoplatinate of Manganese .... .... 332 

Chloroplatinate of Manganese. MnCl.PtCl 2 .... .... 332 

Platinum and Arsenic. 

Arsenide of Platinum .... .... .... 332 

Arseniate of Platinic Oxide .... .... .... 332 

. Platinic Sulpharsenite .... .... .... 332 

Platinic Sulpharseniate .... .... .... 332 

Platinum and Antimony. 

Antimonide of Platinum .... .... .... 333 

Platinum and Tellurium. 

Platinic Sulphotellurite. 3PtS 2 ,2TeS 2 .... .,.. 333 

Platinum and Bismuth. 

Alloy of Platinum and Bismuth .... .... 333 

Platinum and Zinc. 

Alloy of Platinum and Zinc .... .... .... 333 

lodoplatinate of Zinc .... ..., .... 333 

Bromoplatinate of Zinc .... ... .... 333 

Chloroplatinite of Zinc. ZnCl,PtCl .... .... 334 

ChloroplatinateofZinc. ZnCl,PtCl a .... .... 334 

Platinum and Cadmium. 

Alloy of Platinum and Cadmium .... .... 335 

Chloroplatinate of Cadmium .... .... ... 335 



CONTENTS. 

Page 

Platinum and Zinc. 

Alloy of Platinum and Tin .... .... .... 335 

Stannous Chloroplatinite ,. .... .... 335 

Platinum and Lead. 

Alloy of Platinum and Lead .... .... .... 335 

Platinum and Iron. 

Alloy of Platinum and Iron..., .... .. 336 

Carbide of Platinum and Iron. 

a. With Steel. j8. With Cast-iron .,.> .... 336 

Ferrous lodoplatinate .... .... .... 337 

Ferrous Chloroplatinate. FeCl,PtCl 2 .... . .... 337 

Platinum and Cobalt. 

CMoroplatinate of Cobalt .... .... .... 337 

Platinum arid Nickel. 

Alloy of Platinum and Nickel .... .... .... 337 

Chloroplatinate of Nickel .... .... .... 337 

Platinum and Copper. 

Alloy of Platinum and Copper .... .... .... 337 

Chloroplatinate of Copper .... .... .... 337 

Alloy of Platinum, Copper, and Zinc .... .... 333 

Platinum and Mercury. 

Amalgam of Platinum .... .... .... 333 

Platinum and Silver. 

Alloy of Platinum and Silver .... .... .... 339 

Platinum and Gold. 

Alloy of Platinum and Gold .... .... 339 



CHAPTER XL. PALLADIUM. 

Memoirs. History. Sources. Preparation .... . ttt 340 

Properties .... .... .... .... ._ 341 



j! COMPOUNDS OF PALLADIUM. 

Palladium and Oxygen. 



Protoxide of Palladium, or Palladious Oxide. PdO .. . 342 

Hydrate of Palladious Oxide .... .... 343 

Palladious Salts .... .... ._ <( 343 

Bioxide of Palladium., or Palladic Oxide. PdO 2 .... 345 

Hydrate of Palladic Oxide ..., .... "" 345 

Palladic Salts ,... .... _ 345 



CONTENTS. XXIX 

Page 
Palladium and Carbon. 

Carbide of Palladium.... .... .... .... 346 

Palladium and Phosphorus. 

Phosphide of Palladium .... .... .... 346 

Phosphate of Palladious Oxide .... .... .... 346 

Palladium and Sulphur. 

Sulphide of Palladium. PdS .... .... 346 

Sulphate of Palladious Oxide. 

. Basic Sulphate. b. Monosulphate .... .... 34? 

Palladium and Selenium. 

Selenide o Palladium ..... .... .... 347 

Palladium and Iron. 

Iodide of Palladium .-~PdI .... .... .... 347 

Hydrated Iodide of Palladium .... .... 348 

lodate of Palladious Oxide .... .... .... 348 

Palladium and Bromine. 

Bromide of Palladium.... .... .... .... 348 

Bromate of Palladious Oxide .... .... 348 

Palladium and Chlorine. 

Protochloride of Palladium, or Palladious Chloride .... 349 

Aqueous Protochloride of Palladium, or Hydrochlorate 
of Palladious Oxide .... .... .... 349 

Palladious Oxychloride, or Basic Hydrochlorate of Palla- 
dious Oxide ..., ... .... .. 349 

Bichloride of Palladium^ or Palladia Chloride .... 349 

Palladium and Nitrogen. 

Nitrate of Palladious Oxide .... .... .... 350 

Ammonio-protiodide of Palladium. 

a. 2NH a ,PdL *. NH 3 ,PdI .... .... 350 

Ammonio-protochloride of Palladium. 

#. "With 2 At. Ammonia. 

a. Anhydrous. 2NH 3 ,PdCl. /3. Hydrated. 2NH 3 ,PdCl+ Aq. 351 

b. With 1 At. Ammonia. NH 3 5 PdCl. 

Red .... .... .... .... 351 

/3. Yellow .... .... .... 352 

Chloropalladite of Ammonium .... .... .... 353 

Chloropalladiate of Ammonium .... .... 353 

Nitrate of Palladious Oxide and Ammonia .... .... 353 

Palladium and Potassium. 

Sulphate of Palladious Oxide and Potash .... 353 

lodopalladite of Potassium .... .... . 4> 353 

Bromopalladite of Potassium .... .. 353 



XXX CONTENTS. 

Page 

Chloropalladite of Potassium, KClJ?dCl .... .... 354 

Chloropalladiate of Potassium .... .... 354 

Fluopalladite of Potassium .... .... .... 354 

|[ Nitrite of Palladious Oxide and Potash .... .... 355 

Palladium and Sodium. 

! Chloropalladite of Sodium .... .... .... 355 

Fluopalladite of Sodium .... .... .... 355 

f Nitrite of Palladious Oxide and Soda .... .... 355 

Palladium and Barium. 

Alloy of Palladium and Barium .... .... 355 

Bromopalladite of Barium ,,.. .... ..., 355 

Chloropalladite of Barium .... .... ^ .... 355 

Palladium and Calcium. 

Palladiteof Lime? .... .... .... .... 355 

Chloropalladite of Calcium .... .... .... 355 

Palladium and Magnesium. 

Chloropalladite of Magnesium .... .. oti 355 

Palladium and Manganese. 

Bromopalladite of Manganese .... .,.. .... 355 

Chloropalladite of Manganese .... .... 356 

Palladium and Arsenic. 

Arsenide of Palladium .... .... <t<< 35^ 

Arseniate of Palladious Oxide .... .... .; 35(3 

Palladium and Antimony. 

Antimonide of Palladium .... .... , (>4 35 g 

Palladium and Bismuth. 

Alloy of Palladium and Bismuth .... .... ttM 35(5 

Palladium and Zinc. 

AUoy of Palladium and Zinc .... .... 35 g 

Bromopalladite of Zinc ... ... 35^ 

Chloropalladite of Zinc .... t 35^ 

Palladium and Cadmium. 

Chloropalladite of Cadmium .... .. 4 _ 356 

Palladium and Tin. 

Alloy of Palladium and Tin * 

" oo / 

Palladium and Lead. 

Alloy of Palladium and Lead . 0*7 

<... oo/ 

Palladium and Iron. 

AUoy of Palladium and Iron .... 357 

Carbide of Palladium and Iron ... "" "" w 





CONTENTS. XXXI 



Palladium and Nickel. 

Alloy of Palladium and Nickel .... .... 357 

Chloropalladite of Nickel .... .... .... 357 

Palladium and Copper. 

Alloy of Palladium and Copper .... .... 357 

Palladium and Mercury. 

Amalgam of Palladium .... .... .... 357 

Palladium and Silver. 

Alloy of Palladium and Silver .... .... 357 

Palladium and Gold. 

Alloy of Palladium and Gold .... .... .... 358 

Alloy of Gold, Silver, and Palladium: Oro Pudre .... 358 

Palladium and Platinum. 

Alloy of Palladium and Platinum.... .... .... 358 



CHAPTER XLI. RHODIUM. 

Memoirs. History. Sources .... .... .... 358 

Preparation. Properties .... .... .... .... 359 

COMPOUNDS OF RHODIUM. 

Rhodium and Oxygen. 

Protoxide of Rhodium, or Rhodious Oxide. RO .... 359 

Rhodioso-rhodic Oxide. 

a. 3RO,R 2 3 . 5. 2RO,R 2 3 . c. 2RO,3R 2 O : ' .... 359 

Sesquioxide of Rhodium, or Rhodic Oxide .R 2 3 .... 3GO 

Hydrate of Rhodic Oxide .... .... .... 361 

Rhodic Salts .... .... .... 361 

Rhodium and Phosphorus. 

Phosphate of Rhodic Oxide .... .... .... 361 

Rhodium and Sulphur. 

Protosulphide of Rhodium .... .... .... 362 

Sesquisulphide of Rhodium .... .... .... 362 

Sulphate of Rhodious Oxide .... .... 362 

Sulphate of Rhodic Oxide .... .... .... 362 

Rhodium and Chlorine. 

Protochloride of Rhodium. RC1 .... .... 3G3 

Five-fourths Chloride of Rhodium. R'Cl 5 , or 2RC1,R 2 C1 3 363 



XXXli CONTENTS. 

Page 

Sesquichloride of Rhodium. R 2 CP .... .... 364 

Aqueous Sesquichloride of Khodium .... 364 

Rhodium and Nitrogen. 

Nitrate of Bhodic Oxide .... .... .... 364 

Rhodiate of Ammonia .... .... .... 364 

Ammonio-sesquichloride of Eliodmm? .... .... 364 

Chlororhodiate of Ammonium. 2NH 3 C1 ; B 2 C1 3 -f Aq. 365 

Eli odium and Potassium. 

Rhodioso-rhodiate of Potash. .... .... 365 

Bhodiate of Potash .... .... .... .... 365 

Sulphorhodiate of Potassium .... .... 365 

Sulphate of Rhodic Oxide and Potash .... .... 365 

Chlororhodiate of Potassium. 2KC1,B 2 C1 3 + 2 Aq. 366 

Bhodium and Sodium. 

Bhodiate of Soda .... .... .... .... 367 

Chlororhodiate of Sodium. 3NaCl,B 2 Cl 3 .... 367 

Nitrate of Bhodic Oxide and Soda .... .... 367 

Bhodium and Calcium. 

Bhodiate of Lime .... .... ,.,. 367 

Bhodium and Arsenic. 

Arsenide of Rhodium ..., .... >t f 3^7 

Arseniate of Rhodic Oxide? .... .... 367 

Bhodium and Bismuth. 

Alloy of Rhodium and Bismuth .... .... .. 368 

Bhodium and Lead. 

Alloy of Bhodium and Lead .... .. 353 

Bhodium and Iron. 

Carbide of Rhodium and Iron ... ; .... 3gg 

Rhodium and Copper. 

Alloy of Rhodium and Copper .... _ t 3 68 

Rhodium and Silver. 

Alloy of Rhodium and Silver .... .... 3 68 

Rhodium and Gold. 

Alloy of Rhodium and Gold .... ._ 368 



CONTENTS. XXXlii 

CHAPTER XLII. IRIDIUM. 

Page 

Memoirs. History. Sources. Preparation. Properties .... 369 

Indium-black .... .... .... .... 370 

COMPOUNDS OF IRIDIUM. 

Iridium. and Oxygen .... .... .... 370 

Protoxide of Iridium, or Iridious Oxide. IrO .... 371 

Hydrated 1 Iridious Oxide. Iridious Salts .... 371 

Blue Oxide of Iridium .... .... .... 371 

Sesquioxide of Iridium, Ir 2 3 .... .... 372 

Hydrated Sesquioxide of Iridium .... .... 373 

Salts of Sesquioxide of Iridium .... .... 373 

Bioxide of Iridium, or Iridic Oxide .... .... 373 

Hydrate of Iridic Oxide .... .... 373 

Iridic Salts .... .... .... .... 374 

Teroxide of Iridium .... .... .... 375 

Iridium and Carbon. 

Carbide of Iridium. IrC 4 .... .... .... 375 

Iridium and Phosphorus. 

Phosphide of Iridium .... .... .... 375 

Iridium and Sulphur. 

Protosulphide of Iridium .... .... .. 376 

Sesquisulphide of Tritium .... .... .... 376 

Bisulphide of Iridium .... .... .... 3/6 

Tersulphide of Iridium .... .... .... 377 

Sulphate of Iridious Oxide .... .... .... 377 

Sulphate of Sesquioxide of Indium .... .... 378 

Sulphate of Iridic Oxide .... .... .... 378 

Jridium and Iodine. 

Biniodide of Iridium .... ,.., .... 378 

Iridium and Chlorine. 

Protochloride of Iridhim, .or Iridious Chloride .... .... 378 

a. Insoluble. $. Soluble .... .... .... 378 

Sesquichloride of Iridium .... .... .... 379 

Bichloride of Iridium, or Iridic Chloride .... .... 380 

Aqueous Bichloride of Iridium, or Hydrochlorate of 

Iridic Oxide .... .... .... 380 

Iridic Oxychloride .... .... .... .... 381 

Terchloride of Iridium .... ..., .... 381 

Jridium and Nitrogen. 

Nitrate of Iridious Oxide .... .... .... 381 

Ammonio-sesquioxide of fridium .,., .... 381 



xxxiv CONTENTS. 



Ammonio-protochloride of Iridium? .... .... 381 

Protochloride of Iridium and Ammonium. NH 4 Cl,IrCl 382 

Sesquichloride of Iridium and Ammonium. .... 382 

Bichloride of Iridium and Ammonium, or Chloriridiate of 

Ammonium. Indium-Sal-ammoniac. ^ NH 4 Cl,IrCl 2 .... 382 

Iridium and Potassium. 

Protoxide of Iridium with. Potash .... .... 383 

Sesquioxide of Iridium with Potash .... .... 383 

^f Teroxide of Iridium with Potash : Iridiate of Potash .... 384 

Sulphide of Iridium and Potassium .... .... 384 

^[ Sulphite of Iridious Oxide and Potash. 3(K0 5 SO" 2 ) 

+ IrO,S0 2 .... .... .... ..., 384 

Protochloride of Iridium and Potassium ? .... .,.. 385 

Sesquichloride of Iridium and Potassium. 

t f a. With 3 At. Chloride of Potassium. 3KCl 3 Ir 2 CP 385 
6. With 2 At. Chloride of Potassium. 2KCl,Ir*Cl a .... 386 

Bichloride of Iridium and Potassium: Chloriridiate of 
Potassium. KClJrCl 2 .... .... .... 386 

Terchloride of Iridium and Potassium ? .... .... 387 

^[ Sulphite of Iridious Oxide with Chloride of Potassium. 

3KCl,Ir0 5 S0 2 .... .... .... 388 

^[ Chloro-hyposulphate of Iridious Oxide with Sulphate of 

Potash. 4(KO,S0 2 ) + 2lrO,S 2 0*Cl .... .... 388 

^f Chloro-hyposulphate of Iridious Oxide with Chloride of 

Potassium. 4KCl + 2lr0 5 S" 2 4 Cl .... .... 389 

^f Chlorohyposulphate of Iridious Oxide with Sulphate of 
Potash and Chloride of Potassium. 

Anhydrous. 2(KO,S0 2 ) + 2KC1 -f 2IrO,S-0 4 01 .... 390 

Hydrated. 2(KQ,SO 2 ) + 2KC1 + 2IrO,S?0 4 Cl + 12 Aq. 390 

Jridium and Sodium. 

Protochloride of Iridium and Sodium? .... .... 390 

Sesquichloride of Iridium and Sodium .... .... 390 

Bichloride of Iridium and Sodium. Chloriridiate of 
Sodium. NaCljIrCl? .... .... .... 391 

Indium and Barium. 

Iridic Oxide with Sulphate of Baryta . . .... 391 

Iridium and Calcium. 

Blue Oxide of Iridium with Lime.... .... .... 391 

Iridium and Aluminum. 

Blue Oxide of Iridium with Alumina? .... .... 391 

Iridium and Chromium. 

Chromate of Iridic Oxide .... ..., .... 391 



CONTENTS. 



XXXT 



Page 



Iridium and Arsenic. 

Arseniate of Iridic Oxide .... 

Iridium and Tin. 

Alloy of Iridium an d Tin 

Iridinm and Lead. 

Alloy of Iridium and Lead .... .... 

Iridium and Copper. 

Alloy of Iridium and Copper 

Iridium and Mercury. 
Amalgam of Iridium 

Iridium and Silver. 

Alloy of Iridium and Silver 
^ Chloride of Iridium and Silver. 3AgCl,Ir*Cl 8 

Iridium and Gold. 

Alloy of Iridium and Gold ... f 

Iridium and Platinum. 

Alloys of Iridium and Platinum. 

ct. Native Alloy of Iridium and Platinum .... 393 

b. Mineral from Brazil, said to be an Osmide of Iridium 393 



391 



391 



392 



392 



392 



392 
392 



393 



If CHAPTER XLIII. RUTHENIUM. 

Memoirs. History. Sources. Preparation 
Properties 

COMPOUNDS or RUTHENIUM, 

Ruthenium and Oxygen. 

Rtithenious Oxide. RuO 

Sesqui oxide of Ruthenium. Ru"0 3 

Hydrated Sesqui oxide of Ruthenium 
Salts of Sesquioxide of Ruthenium.... 

Ruthenic Oxide, RuO 2 

Hydrated Oxide and Salts 

Ruthenic Acid. RuO 2 

Ruthenium and Sulphur. 
Sulphides of Ruthenium 
Sulphate of Ruthenic Oxide 

Ruthenium and Chlorine. 
Protochloride of Ruthenium 
Sesquichloride of Ruthenium 
Bichloride of Ruthenium .... 



394 
396 



390 

397 
397 
397 
398 
398 
399 

399 
399 

400 
401 
401 



XXXvi CONTENTS. 

Page 
Ruthenium and Nitrogen. 

Sesquichloride of Ruthenium and Ammonium, 2NH 4 C1, 
Ru 2 CP .... .... ' 401 

Ruthenium and Potassium. 

Rutheniate of Potash .... . 401 

Sulpliite of Ruthenious Oxide and Potash .... .... 402 

Sesquichloride of Ruthenium and Potassium .... 402 

Bichloride of Ruthenium and Potassium .... .... 403 

Ruthenium and Sodium. 

Sesquichloride of Ruthenium and Sodium .... 404 

Ruthenium and Barium. 

Sesquichloride of Ruthenium and Barium .... .... 404 



CHAPTER XLIV. OSMIUM. 

Memoirs. History. Sources.. Preparation. Properties .... 405 
COMPOUNDS or OSMIUM. 

Osmium and Oxygen. 

Protoxide of Osmium, or Osmious Oxide. OsO .... 406 

Hydrated Osmious Oxide .... .... 4Q6 

Osmious Salts .... .... .... .... 40$ 

Sesquioxide of Osmium. Os 2 3 ? .... .... 406* 

Blue Oxide of Osmium .... .... .... 406 

Bioxide of Osmium, or Osmic Oxide. OsO 3 .... 407 

Hydrated Osmic Oxide .... .... .... 407 

Osmic Salts .... .... .... 407 

Teroxide of Osmium, OsO 3 ? .... .... .... 407 

Osmic Acid, OsO 4 .... .... .... 407 

Aqueous Osmic Acid .... .... .... 409 

Compounds of Osmic Acid with other Acids 410 

Osmiates .... .. .... 4^0 

Osmium and Phosphorus. 

Phosphide of Osmium .... .... 410 

Phosphate of Osmious Oxide .... .... 410 

Osmium and Sulphur, 

Bisulphide of Osmium .... .... t _ 410 

Five-halves Sulphide of Osmium .... .... 410 

Tersulphide of Osmium ,.., .... tmtm 411 

Tetrasulphide of Osmium .... .... . .. 411 

Sulphate of Osmious Oxide .... t ... ... 411 

Sulphate of Blue Oxide of Osmium .... 411 

Sulphate of Osmic Oxide .... .... .... 412 



CONTENTS. xxxvii 

Page 
Osmium and Chlorine. 

Protochloride of Osmium .... .... .... 433 

Bichloride of Osmium ..., .... .... 413 

Terchloride of Osmium ? .... .... .... 413 

Hydrochlorate of Osmic Acid .... .... .... 413 

Osmium and Nitrogen. 

IT Osmiamic Acid. Os 2 N0 5 .... .... .... 413 

Nitrate of Osmious Oxide .... .... .... 415 

Ammonio-sesquioxide of Osmium .... .... 415 

Osiniate of Ammonia.... .... .... .... 415 

If Osmiamate of Ammonia .... .... .... 415 

Sulphate of Sesquioxide of Osmium and Ammonia .... 415 

Protochloride of Osmium and Ammonium .... 416 

Sesquichloride of Osmium and Ammonium .... .... 416 

Terchloride of Osmium and Ammonium .... 4] 6 

Nitrate of Sesquioxide of Osmium and Ammonia .... 416 

Osmium and Potassium, 

Protoxide of Osmium with Potash .... .... 417 

Sesquioxide of Osmium with Potash .... .... 417 

Teroxide of Osmium with Potash .... 417 

Osmiate of Potash .... .... .... .... 417 

If Sulphite of Osmious Oxide and Potash. 

3(K0 3 SOHOsO,2S0 2 ) .... .... .... 417 

Protochloride of Osmium and Potassium .... .... 418 

Sesquichloride of Osmium and Potassium? .... 418 

Bisulphite of Osmious Oxide with Chloride of Potassium. 

3KCl + OsO,2S0 2 .... .... .... 419 

Bichloride of Osmium and Potassium. Chlorosmiate of 

Potassium.- KCl,OsCl 3 .... .... .... 418 

J Osmiamate of Potash. KO,Os 2 N0 5 .... .... 419 

Osmium and Sodium. 

^f Osmiamate of Soda .... .... .... .... 420 

Osmium and Barium. 

If Osmiamate of Baryta. BaO,Os 2 NO* ..,. .... 420 

Osmium and Calcium. 

Osmiate of Lime .... .... .... .... 421 

Osmium and Zinc. 

^f Osmiamate of Zinc-oxide .... .... .... 421 

If Ammonio-osmiamate of Zinc-oxide. 2 NH 8 ,ZnO,Os 2 NO s 421 

Osmium and Tin. 

Osmiate of Tin? .... .... .... .... 42J 



CONTENTS. 



Osmium and Lead. 

Osmiate of Lead-oxide .... 4 ^ 

^ Osmiamate of Lead-oxide .... .... 4-1 

Osmium and Copper. 
Osmide of Copper 

Osmium and Mercury. 
Osmium-amalgam 
Osmiate of Mercury .... .... 

Protochloride of Osmium and Mercury .... 42 ~ 

^f Mercurous and Mercuric Osmiamates .... - 42 ^ 

Osmium and Silver. 
If Osmiamate of Silver-oxide AgO,Os' 2 N0 5 .... < 422 

Osmium and Gold. 

Osmide of Gold .... .... 42:i 

Psmium and Iridium. 

Osmide of Iridium : Native .... .... 42 ^ 

Sesquioxide of Chromium and Iron with Protoxide of 
Iridium? Trite .... .... 42fi 



ADDENDA. 

Action of Acids and Acid Salts on Infusible "White Precipitate .... 42' 

rrecipitation of Silver in the Metallic State .... .... 42J 

Beduction of Chloride of Silver .... .... .... . 42: 

Decomposition of Chloride and Bromide of Silver by Metallic 

Sulphides and Arsenides .... .... .... ^ 

Solubility of Chloride of Silver in Hydrochloric Acid .... .... 42 



ERRATA. 



VOL. I. 
Page Line 

160 19 from bottom ; for one, only read one only ; 
195 6 from top ; for Kupfer-lazar read Kupfer-lasur 
238 14 ,, ; for pellow read yelloir 

267 - 1 - 18 ,, ; for atmospheric enclosed read atmospheric air enclosed 
515 11 from bottom; for ijranim, read uranium 

VOL. II. 

119 11 from bottom ; for Guy-Luss^c read Gay-Lussac 

133 18 3t ;/or 68 read 65 

135 9 from top ; for Protophosphide of Hydrogen read Solid Phosphide of 

Hydrogen 

162 23 ,, } for tetrathionic read tetrathionic acid 
257 - 16 ,, ; for Sulphurous read Sulphuric 
299 Heading of page ; for Hyperchlorites read Hypochlorites 
318 25 from bottom ; for chlorate read chlorite 

353 15 from hpttom;/or Chlorwasserstoffs&ure read Chlorwasserstoffsaure 
372 -22 ,, ; for Caren winder read Coren winder 

377 3 from top ; for nitric read nitrique 
472 24 ,, * ; for lead-paint read lead-plaster 
475 4 ,, ; for Mohler read Wphler 
503, 504. In Table IV ; for Atmosphere read Atmospheres 

VOL. III. 

19 5 from bottom } for paper-cone read conical iron crucible 
238 6 from top ; for PhiL Mag. Ann. read Phil. Mag. J. 

VOL. V. 

127 4 from bottom ; for 5 ^ and s?J VzF read y ^ v and fff j^ 55 
175 13 ,, ; for diaphareticum read diaplioreticum 



METALS, 

(Continued.) 
CHAPTER XXXVI. 

M E JR C TJ R Y. 



Zaboada. /"- PAy*. 60, 378. 

Fourcroy. J~. des Mines, an. 10, 888. 

Fourcroy & Thenard.r Oxides and Salts of Mercury. J. de Vecole 

pol-i/t. 6 y 312, 
Fr. Hildebrandt. Ckemische and miner alogische Geschichte des QuecTc- 

silbers. Braunschw. 1793. 
Braamcamp & Siqueira-Oliva. Ann. Chim. 54, 17; also A. Gehl. 

5, 638. 

Proust. JT. Phys. 81, 321. 
Donovan. Oxides and Salts of Mercury. Ann. Phil. 14, 241, and S21 ; 

also Sc7wo. 28, 259. 
J. Davy. Chloride of Mercury and its compounds. Phil. Trans. 1822, 

357; also NT. Tr. 10, 1, 188; also Eepert. 16, 388. 
Pol. Boullaj^. Iodine-salts of Mercury. Ann. Chim. Phys. 34, 345. 
Bonsdorff. Iodine, Bromine, and CJblorine-salts of Mercury. Pogg. 17? 

265; 19, 336. 
C. G. Mitscherlich. Salts and Ammoniacal compounds of Mercury. 

Pogg. 9, 887; 16,41. 
H. Eose. Behaviour of Mercurial Salts with Sulphuretted Hydrogen- 

Pogg. 13, 59. Behaviour of Mercurial Salts with Phosphuretted 

Hydrog-en. Pogg. 40, 75. Salts of Mercurous Oxide. Pogg. 

51, 117. 
Kane. Salts, Ammonia-compounds, and Amidogen- compounds of Mercury. 

Ann. CMm. Phys. 72, 215. 

Marignac. Mercurous Nitrates. N. Ann. Chim. Phys. 

Gerhardt. Mercurous Nitrates. 



SYNONYMES. Quicksilver, Queclcsilber, Mercure, Mercurius, Hydrargyrum^ 
Argenttcon vivum. 

History. Known from the earliest times. Cinnabar was used as a 

pigment by the ancients ; corrosive sublimate was known to the Arabians, 
and calomel to the alchemists. 
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2 MERCURY. 

Sources. Often found native; more frequently as sulphide, either 
alone, in the form of cinnabar, or mixed with Idrialine, in Quicksilver 
Liver-ore and Brand-ore, and also in some varieties of Fahl-ore; very rarely 
as selenide of mercury, combined with sulphide of mercury, selenide of 
zinc, or selenide of lead; as iodide and chloride of mercury, and likewise 
combined with silver, in native Amalgam. Common salt appears also to 
contain traces of mercury, inasmuch as (according to Rouel]e, J. de Medec. 
48, 299, Proust, Scher. J. 4, 190, Westrumb, Id. pki/s, chem. Abhandl. 
4, 1, 423, and Wurtzer, Schw. 37, 83), when it is distilled with oil of 
vitriol, corrosive sublimate sometimes passes over together with the hydro- 
chloric acid; the mercury may, however, have been contained in the oil of 
vitriol. 

Preparation. By distilling mercurial ores in contact with lime,, 
smithy-scales, or common air, so as to remove the sulphur by formation 
of sulphide of calcium, sulphide of iron, or sulphurous acid; partly also to 
remove chlorine. In the Bavarian Rheinpfalz, a mixture of ore and lime 
is heated to redness in long cast-iron bottles, placed in nearly horizontal 
rows one above the other, in a long furnace, and provided with receivers. 
At Horowitz, in Bohemia, a mixture of ore and smithy-scales is placed in 
iron dishes, which are attached one above the other by the centres of their 
bases to a vertical iron axis, and covered over with an iron receiver, closed 
at top, and dipping into water at bottom. The upper part of the 
receiver is surrounded by the furnace, and imparts its heat to the dishes-, 
from which the mercury rises in vapour, and collects in the water con- 
tained in the trough. This process is called Distillatio per descensum. At 
Idria in Illyria, the quicksilver-ore, coarsely broken up, is laid upon a 
perforated stone arch in a turret-shaped furnace, and, after the apertures 
by which it is introduced have been stopped, heated to redness by flames 
made to play against the under surface of the arch. The sulphur is 
burnt by the air, which is admitted through channels constructed for the 
purpose ; and the mixture of mercurial vapour, sulphurous acid, and smoke 
from the furnace, is made to pass through a horizontal channel constructed 
in the upper part of the furnace, then up and down through seven con- 
densing chambers, and finally through a turret-shaped chamber into the air. 
In the course of this long transit, the mercury condenses in the chambers, 
the floor of which, being inclined to one side, enables it to run out; it is 
then collected, and strained through coarse cloth. A similar process is 
followed at Almaden in Spain, excepting that the vapours, instead of 
passing through condensing chambers, are made to traverse a series of 
tubes made up of cylinders, called Aludels, open at both ends, and fitting 
one into the other. These are laid upon a surface, called the Aludd-bath y 
first descending a little, and then ascending, and finally open into the 
chimney.-~Mercury is sent into the market, sometimes in leathern bags, 
and sometimes in wrought-iron bottles, which are afterwards used in 
chemical laboratories for the preparation of potassium. 

Purification from foreign metals. 1. The mercury is distilled, either 
alone, or, better, under a thick layer of iron filings, in glass, earthen, or 
other retorts. A portion of the foreign metals is very apt to pass over 
with the mercury, either in the form of vapour or by spirting durino- the 
ebullition. The latter of these accidents is prevented by a coating of 
iron.faiing8.--2. By distilling the mercury with one-tenth of its weight of 
cinnabar, the sulphur of which retains the foreign .me We. (Dorfurt) 



MERCURY. 

3. By distilling cinnabar prepared by sublimation (or corrosive sublimate) 
with one parfc of lime or iron-filings. This method yields the purest mercury, 
because, in the preparation of the cinnabar, the sulphides of the foreign 
metals remain unsublirned. 4. By distilling red oxide of mercury. The 
inetal thus obtained is covered with a film of reproduced oxide, and 
appears dingy and sluggish of motion. From these defects it may be 
freed by agitation with dilute nitric acid, or with warm dilute sulphuric 
acid. (Mohr, Ann. Pkarm. 25, 222.) 5. By boiling a solution of corrosive 
sublimate in a clean iron vessel. (Voigtel.) 6. By boiling the impure 
mercury for some hours with -fa of its weight of mercurous nitrate dis- 
solved in water, or with a small quantity of very dilute nitric acid. 
[According to Wittstein (Repert. 65, 362) the boiling with solution of corrosive subli- 
mate, as above mentioned, is disadvantageous, because it occasions the formation of 
calomel] Or by agitating the mercury for some days with sulphuric acid 
which must be stronger, as the mercury is more impure till the acid no 
longer becomes turbid, or takes up any foreign substance. (Branchi, 
Repert. 6, 77.) *fl 7. Ulex agitates 2 pounds of mercury with half an 
ounce of solution of sesquichloride of iron, having a specific gravity of 1*48. 
The mercury is thereby reduced to a state of very fine division, and the 
action on the foreign metals is accelerated by the formation of chloride of 
mercury, which collects between the drops. It is sufficient to agitate the 
mercury with the iron solution for ten minutes, and then wash it with 
water. The mercury, after drying, is easily reunited by the application 
of a gentle heat. (Ann. Pharm. 60. 2 10.) IT Pure mercury should leave 
no residue when dissolved in nitric acid, evaporated, and ignited; or when 
fused with sulphur and sublimed in a glass flask. When made to run 
down a gently-inclined surface, it should retain its round form, and not 
leave a tail; and when agitated in a bottle with dry air, it should not 
yield any black powder. 

Properties. Mercury freezes, according to Hutchins, at 39*44, 
undergoing considerable contraction, and forming a tin-white, ductile 
mass, crystallized in octohedrons and needles, capable of being cut with a 
knife, and exhibiting a granular fracture- At ordinary temperatures, 
it forms a very coherent but very mobile liquid, which adheres but 
slightly to glass, and has a density of 13*5592 (Karsten), 13*5886 at 4, 
and 13-535 at 26 (Kupffer), 13-568 (Cavendish and JBrisson\ 13*575 
(Fahrenheit), 13'613 at 10 (Biddle), 13*595 at 4 J (Kopp), 13-59(5 (Reg- 
nault). Mercury remains unaltered when agitated for any length of 
time with oxygen gas, common air, hydrogen, nitrogen, nitrous oxide, 
nitric oxide, carbonic acid gas, or alcohol ; but any foreign metals that 
may be mixed with it, become oxidized by agitation in air or oxygen gas, 
producing a grey pulverulent mixture of the oxides of the foreign metals 
and finely divided metallic mercury. On the other hand, by agitation 
with water, ether, or oil of turpentine, or by trituration with sulphur, 
sulphide of antimony, sugar, grease, <fec., even in vacuo, mercury is con- 
verted into a grey powder, JSthiops per se, consisting of small globules of 
the metal, which are separated by interposition of foreign matter, but 
run together again on its removal : Extinction, Deadening of Mercury. 
(Brugnatelli, Proust, A. Geld, 6, 394; A. Vogel, Ann. Cliim. 58, 171; 
74, 220; further, Sckw. 4, 393; Roux, J. Pharm. 11, 215.) In well 
prepared grey mercurial ointment, the mercury forms nearly uniform 
globules having a diameter between ^-$ and yr,Vo of a line, and not dis- 
tinguishable by the naked eye. (Ehrenberg, Pogg. 24, 40.) The deadening 
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of quicksilver was formerly attributed to oxidation. IT According to 
Barensprung (J. pr. Cliem. 50, 21), some, at least, of the mercury in grey 
mercurial ointment is in the state of black oxide (the quantity being 
greater, the older the ointment), and this oxide, after the fat has been 
extracted by ether, may be dissolved out by water slightly acidulated 
with sulphuric acid. T Mercury boils, according to Crichton, at 346 J ; 
according to Dalton, at 349; according to Heiririch, at 356; according 
to Dulong & Petit, at 360, and is thereby converted into a colourless 
vapour. Vapour rises, however, from mercury, even between 4- 15*5 
and 27 (but not at 6*7),, both in vacno and in spaces filled with air, 
as shown by the silvering of gold-leaf, kept for two months in a vessel 
over mercury. (Faraday, Schw. 32, 482; and Pogg. 9, 7.) t According 
to Karsten (Pogg. 71, 245), mercury at temperatures below 0, gives off 
sufficient vapour to bring out the image on a Daguerreotype plate held 
over it. Brame (Instit. 1849, 403) finds that sulphur in the very finely- 
divided, utricular condition (utricutes de soufre) in which it is first preci- 
pitated from the state of vapour, is a much more delicate test for the 
presence of mercurial vapour than gold-leaf. By means of this test, he finds 
that at } 2, the vapour of mercury rises to a height of more than a metre ; 
that even at 8, it appears to have no limited atmosphere ; that it rises, at 
ordinary temperatures, from amalgams and mercurial ointment ; that in 
presence of air and sulphur- vapour, it diffuses, according to the same law 
as other gases ; but that in presence of air and iodine- vapour, and of the 
vapour of iodide of mercury thereby produced, the law of diffusion appears 
to be different. TT The following observation appears likewise to be 
connected with this subject. Some mercury, forming part of the cargo 
of a ship on the Spanish coast, ran out of the bags, which had become 
rotten, and found its way into the hold, where it mixed with the bilge- 
water. An elastic fluid was in consequence evolved, which covered every 
piece of metal in the vessel with a coating of quicksilver, and affected 
the whole ship's company with violent symptoms of salivation, (Burnett, 
PhiL Trans. 1823, 402; abstr. Qilb. 40, 347.) 

Compounds of Mercury. 

All compounds of mercury are either volatilized or decomposed by 
heat, and yield metallic mercury when distilled with carbonate of soda. 
The mixture should be slightly moistened, otherwise a portion of chloride 
or bromide of mercury may sublime undecomposed. 

Atomic weight of mercury: 101*2658 (Berzelius) j 100'04 = 100 
(Erdmann & Marchand, J. pr. Chem. 31, 392). 

^ According to Wiggers (Pogg. 41, 440), mercury is slightly soluble in 
boiling water. When 20 ounces of water are poured upon 2 ounces of 
mercury, and boiled down to 10 ounces, the decanted liquid shows no 
particular reaction with sulphuretted hydrogen or protochloride of tin ; 
but on mixing it with 10 drops of nitric acid, and evaporating, the residue 
exhibits a slight brown tint when treated with sulphuretted hydrogen. 
Anthon also (J. pr. Glum. 15, 153) found that water boiled with mercury 
for 15 hours, and then decanted, was capable of silvering gold-leaf; and 
after evaporation with nitric acid, gave the characteristic reactions with 
sulphuretted hydrogen and protochloride of tin. Paton and Favrot 
(J. Ohim. mecl. 14, 306), in. repeating the experiment of Wiggers with 
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distilled water and with river-water, did not discover mercury ir 
water after evaporation with nitric acid : Grirardin also (J. Chim. me 
283), found no mercury in water which had been boiled with that metal; 
he did not ; however, mix it with nitric acid before evaporation. When 
water is poured upon mercury, boiled down to one-half, decanted, then 
left to stand for several days, again decanted, and thrown upon a thick 
paper filter, small quantities of mercury, sufficient to silver gold-leaf, 
remain on the filter; but the filtrate, when mixed with nitric acid and 
evaporated, shows no trace of mercury. Perhaps the quantity used in 
the experiment was too small ; but, at all events, the experiment shows 
that the mere decantation adopted by Wiggers is not sufficient to sepa- 
rate the water from the mercury mechanically mixed with it; to decide 
the question completely, experiments should be made with larger quan- 
tities of water. (Gin.) 



MERCURY AND OXYGEN. 
A. MERCUROUS OXIDE. Hg 2 0. 

Di-oocide of Mercury, Sub-oxide of Mercury, Blade Oxide of Mercury, 
Quecksilberoocydul, Sckwarzes Queclcsilberoxyd, Protoxide de Mercure, 
Oxyde mercureux. 

This oxide is formed, in combination with acids, by the action of nitric 
or sulphuric acid, not very strongly heated, on excess of mercury; also 
by heating dissolved mercuric salts with metallic mercury. 

Preparation. By decomposing a mercurous salt or the dichloride of 
mercury with an aqueous fixed alkali in excess; the separated mercurous 
oxide must be washed and dried in the dark, Donovan diffuses finely 
pounded dichloride of mercury in water, treats it at once with excess of 
potash, and then washes arid dries the product. The mercurous oxide 
thus obtained, yields but few globules of mercury on trituration. If too 
little potash be added in the first instance, there is formed, according to 
Donovan, a basic hydrochlorate of mercurous oxide, which abstracts 
oxygen from the separated oxide, and is itself converted into basic hydro- 
chlorate of mercuric oxide, so that a further addition of potash produces 
a mixture of dioxide, protoxide, and metallic mercury. Duflos (N. Br. 
Arch. 23, 310) adds 1 part of caustic potash-ley to 12 parts of absolute 
alcohol decants the liquid from the resulting precipitate mixes \\ of it 
with a solution of mercurous nitrate (stirring constantly), till the liquid 
slightly reddens litmus then adds the remaining ^ leaves the precipi- 
tate to subside decants washes it with water and dries it at a gentle 
heat in the dark. The mercurous oxide thus obtained is black, with a 
tinge of yellowish brown, gives up nothing to dilute hydrochloric acid, 
but dissolves completely in strong acetic acid. According to Guibourt 
(Ann. Chim. Phys. 1, 422), it is impossible to obtain this oxide pure, 
because, during washing, even in the dark, it is resolved into a mixture of 
the protoxide with metallic mercury. The product formed by triturating 
the protoxide with mercury is merely a mixture. 

Properties. Brown-black powder, destitute of taste and smell. 
Specific gravity of that obtained from calomel by the action of caustic 
potash, 8'9503 (Karsten), 10-69 (Herapatb). 
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Decompositions. Light, even diffused daylight, or a gentle heat, 
resolves the dioxide of mercury into metallic mercury and the protoxide, 
(at 100 according to Donovan; according to A. Vogel, however, Ann. 
Ckim. 84. 221, the decomposition does not take place at that tempera- 
ture). At a red heat, it is resolved into mercury and oxygen gas. By 
aqueous phosphorous acid, it is converted into mercury and phosphoric 
acid. (Braamcamp & Siqueira Oliva.) By potassium and sodium, at 
about the melting points of those metals, it is decomposed, with vivid 
ignition and slight detonation, yielding metallic mercury and an alkali. 
(Gay-Lussac & Thenard.) Detonates when struck with phosphorus. 
It is slowly decomposed by pliosphuretted hydrogen gas. (Graham.) 
Boiled with aqueous iodide of potassium, it yields metallic mercury and 
protiodide of mercury and potassium; if the mercurous oxide is in excess, 
diniodide of mercury is formed at the same time. (Berthemot, J. Pharm. 
14. 189.) A concentrated solution of sal-ammoniac decomposes it in a 
similar manner, ammonia heing evolved, and mercury and hydrochlorate 
of mercuric oxide separated. (Pagenstecber, Repert. 27, 27; L. Thompson, 
Phil. Mag. J. 10, 17-9.) Carbonate of ammonia likewise decomposes 
mercurous oxide into mercuric oxide which dissolves, and metallic mer- 
cury which remains behind. (Wittstein.) 

Combinations. With acids, forming the SALTS OP MERCUROUS OXIDE, 
or MERCUROUS SALTS. These salts are. obtained, either by dissolving 
mercury in excess in certain oxidizing acids, such as nitric or sulphuric 
acid, or by dissolving mercurous oxide in acids; or by double decomposi- 
tion. The basic salts are mostly yellow, the normal salts white; most of 
them are soluble in water, redden litmus, and have a metallic taste; their 
action on the human body is not very violent. Some of the normal salts 
are resolved by water into acid salts which dissolve, and basic salts which 
remain undissolved. 

Mercurous salts are decomposed, with precipitation, of metallic mer- 
cury, by the following substances: By charcoal. This substance, when 
immersed in a solution of mercurous nitrate, becomes covered, in the 
course of two days, with globules of mercury, (Boeck.) By phosphorus. 
Phosphorus immersed in mercurous nitrate, soon becomes covered with 
mercury^ (Boeck, Fischer.) By phosphorous and hypophosphorous acids. 
These acids, added to mercurous salts, throw down finely-divided mercury. 
(Braamcamp & Siqueira Oliva.) Characters traced on paper with the 
mercurous solution, assume a metallic aspect when the paper is kept in a 
bottle containing phosphorus. (Grotthuss.) By sulphurous acid. This 
acid, added to a solution of mercurous nitrate, immediately throws down 
metallic mercury as a blackish-grey powder; but even when the sulphur- 
ous acid is in excess, a portion of the mercury remains in solution for 
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several days, and is precipitated by boiling. (A. Vogel.) By zinc, cad- 
mium, iron, tin, lead, bismuth, copper, antimony, and arsenic. Zinc, 
cadmium, lead, copper, and bismuth, immersed in solution of mercurous 
nitrate, throw down the wbole of the mercury in 24 hours; tbe otber 
metals leave a portion of tbe mercury in solution. Iron exerts no action, 
[because it becomes passive]. Sometimes a white or yellow precipitate 
is formed at tbe same time; tbis precipitate, in tbe case of zinc, cadmium, 
and copper, consists of basic mercurous nitrate; with bismutb, of mono- 
basic bismuth-nitrate; with lead, of basic mercurous nitrate and lead- 
nitrate together. Tin becomes covered with a brown, and antimony 
with a yellowish brown powder, which continually deepens in colour, 
and, after a few days, is resolved into globules of mercury. (Fischer, 
Pogg. .9, 258.) Mercury is likewise reduced from mercurous salts by 
brass, and by the alloys of silver with zinc, tin, lead, and copper, by tbe 
latter, even when it contains 3 parts of silver to one of copper. (Fischer, 
Pogg. 12, 504,) Iron and arsenic also decompose mercurous salts at 
ordinary temperatures. (Orfila, J. Chem. med. 6, 321.) Iron produces 
no precipitate in a very concentrated solution of mercurous nitrate, 
because it becomes passive ; but from a dilute solution of that salt, and 
likewise from the acetate, it readily throws down metallic mercury. (Gm.) 
Copper immersed in tbe mercurous solution, becomes covered with a 
grey film, which assumes a silver-white aspect on being rubbed between 
paper. By protockloride of tin. This reagent precipitates dicbloride of 
mercury, which is immediately converted into metallic mercury. (Sou- 
beiran.) By green vitriol. (Keir, Schw. 53, 166; Orfila.) Tbis salt, 
added to mercurous nitrate, thrown down a white powder consisting of 
mercurous sulphate, which soon turns grey and is converted into globules 
of mercury. (Gm.) By certain organic compounds. Sugar, boiled with 
mercurous acetate, throws down metallic mercury, together with a small 
quantity of dioxide. (A. Vogel.) Oil of turpentine reduces mercury 
from mercurous salts. (Orfila.) Hydrocyanic acid, added to mercurous 
salts, throws down half the mercury and forms cyanide of mercury: 

Hg 2 O -f HCy = Hg + HgCy + HO. 

Hydrosulpburic acid and alkaline hydrosulphates yield, with mer- 
curous salts, a black precipitate of disulphide of mercury. The precipi- 
tate is black, even when tbe quantity of the reagent is insufficient for 
complete precipitation. It is insoluble in excess of ammonia or hydro- 
sulphate of ammonia. (H. Rose, Analyt. Ghemie.) Not a trace is dis- 
solved, even with the aid of heat; but if tbe hydrosulpbate of ammonia 
contains excess of sulphur, tbe black precipitate is converted into proto- 
sulphide. (Gm.) It dissolves in excess of the alkaline bydrosulpbate, 
with separation of metallic mercury (?). (Mialhe, N. Ann. Ckim. Phys. 
5, 170.) Dissolves in caustic potash, with separation of metallic mer- 
cury; acids added to the filtrate throw down protosulpbide of mercury. 
(H. Rose.) Absolute alcohol, united with 6 volumes of sulphuretted 
hydrogen, has no action on dry mercurous salts. (Parnell.) Free tri- 
tbionic acid forms a black precipitate with mercurous salts (Langlois); 
tetrathionic and pentathionic acids give yellow precipitates, which 
blacken on boiling. (Kessler.) Alkaline hyposulphites throw down 
sulphide of mercury, sulphuric acid remaining in the liquid. (H. Rose, 
Pogg. 33, 241.) Hydriodic acid and iodide of potassium throw down 
green diniodide of mercury: 

Hg 2 0, NO 5 * KI = Hg 3 ! + KO, NO 5 . 
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The precipitate is soluble in excess of iodide of potassium. Hydro- 
bromic acid and bromide of potassium give white precipitates with mer- 
curous salts.- Hydrochloric acid and soluble metallic chlorides added to 
these salts, throw down dichloride of mercury. If the solution is some- 
what concentrated, the precipitate is curdy; in dilute solutions, it takes 
the form of a fine powder; and in case of great dilutions, only an opales- 
cence is produced; this last effect is visible even to the 80,000th degree 
of dilution. (Pfaff.) The precipitate is scarcely soluble in excess of the 
reagent; it turns black when treated with potash or ammonia. 

Caustic alkalis added to mercurous salts, yield a black precipitate of 
mercurous oxide. When ammonia is used, the precipitate generally 
contains more or less of the newly formed salt. ^F According to Lefort, 
(JV. J. Pharm. 8, 5), the precipitate formed by caustic alkalis in mer- 
curous salts, always amalgamates gold-leaf, arid must therefore be 
regarded as a mixture of mercuric oxide with metallic mercury. ^T 
Monocarbonate of potash forms a yellow, and bicarbonate of potash a 
white precipitate, of mercurous carbonate, which is slightly soluble in 
excess of the alkaline carbonate, and when boiled, gives off carbonic acid 
and turns black. Very small quantities of carbonate of ammonia form a 
grey, and larger quantities a black precipitate. The carbonates of baryta, 
strontia, lime, and magnesia, precipitate mercurous salts, even in the cold. 
(DemarQay.) Phosphate of soda forms a white precipitate of mercurous 
phosphate; according to Pfaff, to the 10,000th degree of dilution. 
Alkaline cliromates yield a bright brick-red precipitate of mercurous 
chroma te. 

Oxalic acid forms a white precipitate of mercurous oxalate. So like- 
wise do alkaline oxalates, up to the 10,000th degree of dilution. (Pfaff.) 
Ferrocyanide of potassium produces a thick white precipitate, and ferri- 
cyanide of potassium a red-brown precipitate, which turns white after 
standing for some time. Tincture of galls yields a brownish yellow 
precipitate with mercurous salts. Most mercurous salts., which are inso- 
luble of water, dissolve in nitric acid. 



B. MERCURIC OXIDE. HgO. 

Protoxide of Mercury, Red oxide of Mercury, QuecJcsilberoxyd, RotJies 
Quecksilberoxyd, Deutoocyde de Mercure, Oxyde mercurique. 

Formation. 1. Mercury heated to the boiling point for a considerable 
time in contact with the air, is converted, without visible combustion, into 
mercuric oxide. When the two poles of Hare's deflagrator are made to 
dip into two vessels full of mercury, and the mercury allowed to run in a 
fine stream through a narrow opening from the upper to the lower vessel, 
visible combustion takes place, according to Hare. The blue light which 
is seen whenever the circuit of a powerful galvanic battery is closed by 
dipping the connecting wire into mercury, is likewise due to combustion of 
the mercury. 2. This oxide is also formed when the metal is heated with 
excess of nitric or sulphuric acid. 

( Preparation. 1. By keeping mercury for a month or longer at a 
boiling heat in a flask filled with air, and having a long loosely-fitting tube 
adapted to its mouth : Mercurius prcecipitatus p&r se. 2. By exposing the 
nitrate of mercuric or mercurous oxide to a high and gradually increasing 
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temperature in a crucible, or, better, in a glass vessel surrounded with sand 
as long as nitrous acid is evolved. To save nitric acid, the oxide, moistened 
with water, may be previously triturated with an equal weight of mercury, 
till the latter is completely deadened : Mercurius prcecipitatus ruler. Care 
must be taken not to raise the temperature too high. The oxide prepared 
by this process on the small scale is a dull powder; in commerce, it occurs 
in shining crystalline grains. According to Gay-Lussac, the small unpul- 
verized crystals of mercurous nitrate yield the second form of the oxide, 
but the pulverized salt yields the first form. The more perfect crystalli- 
zation of the oxide prepared on the large scale is undoubtedly due to the 
slower rate at which the heat increases. According to Winckler (Repert. 
31, 475) the commercial oxide likewise contains 2 per cent, of nitre, which 
probably exerts some influence also ; it does not, however, appear to bs 
essential, since the oxide prepared by (1) likewise takes the form of crys- 
talline grains. 3. By precipitating a dissolved mercuric salt with excess 
of potash, aiid washing the precipitate. 

Impurities. 1. Basic nitrate of mercuric oxide, when the salt Las not 
been sufficiently heated. The oxide containing this salt gives off nitrous 
vapours when gently heated in a retort. It may be purified in this manner, 
or by boiling with dilute potash-ley, or by washing with water. 2. Nitre. 
May be completely removed by boiling water. (Winckler.) 3. Minium. 
Bemains in the form of fused protoxide of lead, when the mercuric oxide is 
strongly heated in a glass tube, or in the form of peroxide of lead, when the 
mercuric oxide is dissolved in nitric acid. 4. Brick-dust. Remains be- 
hind, when the oxide is ignited or dissolved in nitric acid. 5. Cinnabar. 
Eemains, when the oxide is dissolved in hydrochloric acid. 

Properties. Specific gravity: 31-000 (Pol. Boullay), 11*074 (Hera- 
path), 11*1909 (Karsten), 11*29 at 4 in vacuo (Eoyer & Dumas), 11-136 
(Playfair & Joule). Crystallizes in obtuse rhombohedrons. Such at least 
was the form in which it was found in a glass containing A qua phaga- 
dcenica (a mixture of lime-water and protochloride of mercury). (Saladin, 
J. Cliim. med. 7, 530). It is generally crystallo-granular and scaly, shining, 
and of a bright brick-red colour; by pulverization it acquires an orange 
yellow colour, lighter as the powder is finer. When prepared on the small 
scale, it is a dull, flocculent, earthy mass or powder, of a brownish brick- 
red colour. When obtained by precipitating a mercuric salt with an 
alkali, it forms a light orange-yellow powder. When heated, it becomes 
vermilion-red, and afterwards violet-black, but recovers its original colour 
on cooling. Has a repulsive metallic taste, and is a violent acrid poison. 

Pelouze (Compt. rend. 16, 50) supposes that ordinary crystallo-granular 
mercuric oxide differs from that precipitated by potash (3) in this respect, 
that the former is crystalline, the latter amorphous. To this he attributes 
the difference in their chemical properties. When equal quantities of 
these two oxides are ignited in the same mufile, the amorphous oxide vola- 
tilizes completely in a time in which the decomposition of the crystalline 
oxide is scarcely begun. Dry chlorine gas acts very slowly at ordinary 
temperatures on the crystalline oxide (hypochlorous acid being produced), 
and not much more quickly when the oxide is pulverized; but on the 
precipitated oxide (3) it acts with such violence that the substance 
becomes red-hot; even when the oxide (3) has been previously heated to 
a temperature between 300 and 400, it acts on dry chlorine in the 
course of a few minutes. (Pelouze). This view is contradicted by the 
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following experiments of Gay-Lussac. (Gompt. rend. 16,309). When 
equal quantities of the oxide (1) prepared by boiling mercury in contact 
with air, and of that precipitated by potash (3) are gradually heated in 
two glass tubes immersed together in a fused metallic alloy then cooled 
then heated again, and so on,- both oxides begin to give off oxygen at 
the same temperature, and both cease to evolve it at the same degree in 
cooling. It is true that (3) gives off rather more oxygen in the same 
time; but if (J) is previously pounded, the difference is but slight. Dry 
chlorine gas produces much less hypochlorous acid with (1) than with 
(3); but the difference is to be attributed to the much smaller surface 
which (1) presents, that surface quickly becoming covered with chloride 
of mercury; the slowness of the action also precludes the rise of tempe- 
rature by which the decomposition is accelerated in the case of (3). 
Under water, the two oxides are acted upon by chlorine in the same 
manner, because the chloride of mercury then dissolves as it forms. 
Hence it may inferred that the oxide (3) is not amorphous, but in a 
finely divided crystalline state. 
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Decompositions. Mercuric oxide gradually turns black wlien exposed 
to sunshine, being superficially decomposed into oxygen and metallic 
mercury, according to Guibourt, or, according to Donovan, into oxygen 
and mercurous oxide. At a red neat, it volatilizes completely, being 
resolved into oxygen gas and vapour of mercury. Part of the mercurial 
vapour again takes up oxygen, and the oxide thus formed collects on the 
surface of the mercury which passes over, and diminishes its fluidity. 
With phosphorus, mercuric oxide detonates under the hammer. Boiled 
with phosphorus and water, it yields phosphide of mercury and aqueous 
phosphoric acid (Pelletierj; at ordinary temperatures, the same mixture 
yields fluid mercury and phosphoric oxide, no phosphoric or phosphorous 
acid dissolving in the water. (Braamcamp & Siqueira.) A phosphate is 
likewise formed at the same time. (Gm.) Aqueous phosphorous acid 
forms mercury and aqueous phosphoric acid. (Braamcamp & Siqueira.) 
Mercuric oxide mixed with sulphur, and heated in a retort, produces a 
tremendous explosion. (Proust, @ilb. 25, 175.) Concentrated sulphurous 
acid boiled with this oxide, immediately converts it into fluid mercury, 
with formation of sulphuric acid. At ordinary temperatures, smaller 
quantities of sulphurous acid produce a rise of temperature amounting to 
7*5, and form a white powder, consisting of mercurous sulphate, part of 
which dissolves in the liquid. An excess of sulphurous acid turns this 
powder grey, and reduces it very slowly, but completely, to metallic mer- 
cury. So long as this change remains incomplete, the liquid still retains 
mercury, but is not rendered turbid by addition of common salt; never- 
theless, it gives a precipitate with hydrosulphate of ammonia, and after 
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long standing, or immediately on boiling, deposits metallic mercury in 
the form of a grey powder; the precipitation of the mercury is complete, 
provided the quantity of sulphurous acid is not too small. (A. Vogel, 
J. pr. Cliem. 29, 273.) Potassium or sodium heated to the melting point, 
decomposes mercuric oxide with vivid combustion and slight detonation, 
yielding metallic mercury and alkali. (Gay-Lussac & Theuard.) Zinc 
and tin filings, and pulverized antimony, heated with mercuric oxide, 
likewise occasion fiery decomposition. Solution of protochloride of tin 
poured upon mercuric oxide reduces it to the metallic state, and is itself 
converted into bichloride, part of which is precipitated in the form of a 
basic salt, the action being attended with a rise of temperature amounting 
to 60. (A. Vogel, Kastn. Arch. 23, 80.) Hydrated ferrous oxide con- 
verts mercuric into mercurous oxide; so likewise do ferrous salts. (Duflos, 
Schw. 65, 115.) Heated solution of sugar reduces mercuric to mercurous 
oxide. (A. Vogel.) Chlorine gas decomposes mercuric oxide at a red 
heat, the products being oxygen gas and protochloride of mercury; at 
lower temperatures, hypochlorous acid and protochloride of mercury are 
formed. The latter sometimes combines with the excess of oxide, forming 
mercuric oxychloride. When dry chlorine gas is passed over the precipi- 
tated oxide (3), the heat rises to redness, and oxygen gas is evolved 
(Pelouze) ; but if the oxide is surrounded with a freezing mixture (Pelouze) 
or mixed with a large quantity of sand or sulphate of potash, to prevent 
the temperature from rising too high, hypochlorous acid is obtained. This 
acid is likewise produced by the action of chlorine on the precipitated 
oxide (3), previously heated to between 300 and 400, or upon the oxide 
(I) or (2), because in either of these cases the action is slower. Hypo- 
chlorous acid is also formed when chlorine gas is passed through water in 
which mercuric oxide is diffused. (Vid. II. 294, 295.) At the boiling 
heat, according to Braamcamp & Siqueira, a solution of protochloride of 
mercury and mercuric chlorate is produced. 

Combinations, a. With Water. IT. a. HYDRATED MERCURIC OXIDE. 
According to Schaffner (Ann. PJiarm. 51, 181), the yellow precipitate 
formed by potash in solutions of mercuric salts is a hydrate containing 
3 atoms of water. 
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B. AQUEOUS MERCURIC OXIDE. Mercuric oxide is slightly soluble in 
water (Thomson) ; the solution tastes strongly metallic; turns violet-juice 
green; becomes covered, when exposed to the air, with shining films of 
metallic mercury; is turned brown by hydrosulphuric acid (Guibourt); 
and exhibits a milky turbidity when mixed with slightly diluted ammo- 
nia, which forms a less soluble compound with mercuric oxide. (Guibourt, 
Donovan.) This somewhat contested solubility of mercuric oxide in 
water is established by the following observations: The oxide (2) 
obtained by the use of nitric acid, and the precipitated oxide (3) dissolve 
sparingly in cold, somewhat more abundantly in hot water. (Anthon, 
Repert. 58, 305.) When the oxide (2) prepared with nitric acid is used, 
having first been completely freed from nitric acid, either by exposure 
to a degree of heat sufficient to resolve a considerable quantity of the 
oxide into mercury and oxygen, or by long boiling with caustic potash 
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the water still continues to take up the oxide, even after the boiling has 
been repeated twenty times. (Marchand, Pogg. 42, 459.) But even the 
oxide prepared by (1), the solubility of which cannot well be due to the 
presence of an acid, yields with water at 10, a liquid which turns violet- 
juice green, but does not give a brown colour with hydrosulphate of 
ammonia; the solution obtained with boiling water turns reddened litmus 
tincture blue, and becomes brown when treated with hydrosulphate of 
ammonia, (Boudet, J. Pharm. 24,253; also J. pr. Chem. 14, 248.) The 
same result was obtained by Gossrnan, (Repert. 61, 312, before Boudet), 
and by Marchand, (J. pr. Chem. 16, 372). . 

b. With Acids, forming the SALTS OF MERCURIC OXIDE, or MERCURIC 
SALTS. These salts are obtained by dissolving mercuric oxide in acids, by 
double decomposition, and by dissolving metallic mercury in an excess of 
hot sulphuric or nitric acid. Mercuric salts are likewise formed, with 
evolution of ammonia, on boiling the oxide with various ammoniacal 
salts; such is the case with sulphate, hydrochlorate, nitrate, and succinate 
of ammonia. (Pagenstecher, Repert. 27, 27; Brett & L. Thompson, Phil. 
Mag. J. 10, 97, and 179; Wittstein, Repert. 57, 42.) Even hydrochlo- 
rate of magnesia (Berzelius), and apparently also hydrochlorate of lime, 
when boiled in the state of concentrated solution with mercuric oxide, 
give up to it a portion of their acid. 

Mercuric salts, when they do not contain a coloured acid, are gene- 
rally colourless in the normal, and yellow in the basic state. They are 
violent acrid poisons, and have a disagreeable, metallic taste. The 
normal salts redden litmus. Some of them are resolved by water into an 
acid salt, which dissolves, and a basic salt which remains behind. From 
their aqueous solutions, the mercury is for the most part precipitated 
in the metallic state, by the same substances as from mercurous salts, 
(p. 6), but the complete reduction of the mercury is often preceded by a 
conversion of the mercuric into a mercurous salt. Small quantities of 
phosphorous acid convert mercuric into mercurous salts; larger quantities 
throw down metallic mercury. (Braamcamp & Siqueira.) Sulphurous 
acid added to mercuric nitrate, first throws down white mercurous sul- 
phate, which, by a larger addition of sulphurous acid, is completely con- 
verted, in the course of 24 hours, into mercury; but even when the 
sulphurous acid is added in excess, a portion of mercury still remains 
dissolved, and is not precipitated till the liquid is boiled. Terbasic mer- 
curic sulphate dissolves iu sulphurous acid, with a white turbidity, arising 
from the formation of mercurous sulphate, and deposits the whole of the 
mercury on boiling. (A. Vogel.) [For the behaviour of corrosive sublimate with 
sulphurous acid, see Corrosive sublimate.'] Those metals which reduce mercury 
from mercurous nitrate, likewise separate it, though less quickly, from 
mercuric nitrate, the reduction being attended with the separation, in 
greater or smaller quantity, of a white or yellow powder, which, when 
zinc, cadmium, or copper is the reducing agent, consists of basic mercurous 
nitrate; in the case of bismuth, of monobasic bismuth-nitrate; and with 
antimony and lead, of a mixture of basic mercury- salt and basic antimony 
or lead-salt. Tin instantly produces black-brown clouds, which rise in 
the liquid, solidify in capillary tufts, assume the metallic lustre at the sur- 
face of the liquid, and ultimately form a metallic film; at the same time a 
small quantity of yellow basic mercuric nitrate is produced. (Fischer, 
Pogg. 9, 258.) [For the behaviour of metals with protochloride of mercury, see the 
latter.] If a piece of tin in contact with a gold plate be introduced into 
the solution of a mercuric salt acidulated with hydrochloric acid, the gold 
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plate becomes amalgamated, and does not lose its silver- white colouring 
by immersion in hydrochloric acid, though it gives it up when heated. 
(Smithson.) To impart a distinct white colouring to the gold by this 
process, the strength of the solution must not be less than 1 part of proto- 
chloride of mercury to 5000 parts of water. (Lassaigne.) A small 
quantity of protochloride of tin added to mercuric salts, throws down 
dichloride of mercury; a larger quantity of the tin-solution converts the 
latter into metallic mercury. Sugar boiled with mercuric acetate converts 
it into mercurous acetate. (A. Yogel.) 

Phosphuretted hydrogen gas passed through the solution of a mercuric 
salt, throws down a partly white, partly yellow compound of triphos- 
phide of mercury, with a portion of the original mercuric salt, which, 
moreover, is not further decomposed by an excess of phosphuretted 
hydrogen. (H. Rose, Pogg. 40, 75.) Arseniuretted hydrogen gas pro- 
duces a brown precipitate in a solution of corrosive sublimate. (H. Rose.) 
Hydrosulphuric acid and alkaline hydrosulphates added in excess to 
mercuric salts, throw down amorphous protosulphide of mercury in black 
flakes. Even with 20,000 parts of water to 1 part of protochloride of 
mercury, sulphide of potassium produces a slight browning of the liquid, 
and with 40,000 parts of water, a slight greenish-brown colouring. 
(Lassaigne.) Absolute alcohol which has absorbed 6 measures of hydro- 
sulphuric acid gas, does not act on dry mercuric salts. (Parnell.) The 
black precipitate is insoluble in hydrosulphate of ammonia or of potash. 
(According to Mialhe, ..F. Ann. Cliim. Phys. 5, 11 Q y it dissolves com- 
pletely in these reagents.) The black sulphide of mercury is likewise 
insoluble in ammouia, but dissolves completely in potash provided there 
is a sufficient quantity of hydrosulphate of ammonia present and is 
reprecipitated by acids. (H. Rose.) When covered with aqueous hydro- 
sulphite of ammonia or hydrosulphite of potash, it is converted, slowly in 
the cold, but quickly when heated, into a red powder of cinnabar. An 
insufficient quantity of hydrosulphuric acid or an alkaline hydrosu]r>ha,tfL 
throws down from most mercuric salts a white compound of su' 
mercury, with the undecomposed salt. (H. Rose, Pogg. 13, 59.; iiie 
precipitate is often black, brown, or yellow, from excess of sulphide of 
mercury, but soon turns white by taking up undecomposed salt from the 
liquid. It is only from the solution of the cyanide of mercury, that the 
pure black sulphide is thrown down by a quantity of sulphuretted hydro- 
gen not sufficient to precipitate the whole.- Hydrochlorate or nitrate of 
mercuric oxide forms, with excess of hyposulphite of soda, a white pre- 
cipitate, which re-dissolves in excess; with a smaller quantity of the 
soda-salt, the whole precipitate remains undissolved, immediately turning 
yellow and then brown, and is afterwards converted, slowly in cold, but 
quickly on boiling, into black protosulphide of mercury. If the mercuric 
salt is in excess, the white precipitate, which is a compound of sulphide 
of mercury and the salt, retains its colour. (H. Rose, Pogg. 33, 240.) 
According to Wackenroder (Repert. 61, 24), the precipitate is of a fine 
lemon-yellow colour, but becomes yellowish-white if an excess of mer- 
curic nitrate is present; whereas, if the alkaline hyposulphite is in excess, 
it changes first to brown, and afterwards to black. Hydrochloric acid 
and sal-ammoniac impart to it a colour varying from reddish-yellow to 
yellowish-brown; nitric acid, from light yellow to white; and carbonate 

of ammonia slowly turns it black. It is not soluble in acetic acid 

Hydriodic acid and iodide of potassium added to mercuric salts, yield a 
scarlet precipitate of iodide of mercury. At first the precipitate exhibits 
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a very pale red colour. It is soluble in excess, both of the mercuric 
salt, and of the iodide of potassium. If the proportion of protochloride 
of mercury is less than 1 part to 5000 parts of water, the red precipitate 
does not appear. (Lassaigne.) Hydrobromic acid and bromide of 
potassium, hydrochloric acid and common salt, do not precipitate mercuric 
salts. 

Caustic ammonia and carbonate of ammonia form white precipitates 
with mercuric salts. This precipitate usually contains a compound of 
amide of mercury with undecomposed mercuric salt, and is insoluble in 
excess of ammonia. With 10,000 parts of water to 1 part of proto- 
chloride of mercury, ammonia produces turbidity and a precipitate; with 
20,000 parts of water, a slight, and with 40,000, a scarcely perceptible 
opalescence. (Lassaigne, J. Chem. mSd. 8, 582.) Fixed alkalis in excess 
produce a light orange-yellow precipitate. This precipitate is not a 
hydrate, but consists of finely-divided anhydrous oxide. (Proust.) If the 
solution contains much free acid, potash gives no precipitate, or but a slight 
one after a. considerable time. If it contains an ammoniacal salt, the 
precipitate produced by potash is white. When sugar, gum, and other 
fixed organic compounds are present in a dilute solution of a mercuric 
salt, potash produces, after a considerable time, a black precipitate; 
more concentrated solutions, under the same circumstances, yield a dirty 
yellow precipitate, which turns black in a few hours, or immediately on 
boiling, from reduction of the protoxide of mercury to dioxide. Mono- 
carbonate of potash or soda throws down brown-jred mercuric carbonate. 
The presence of sal-ammoniac and of organic matters produces the same 
effect in this case as with the fixed alkalis. Bicarbonate of potash added 
to sulphate or nitrate of mercuric oxide, immediately produces a brown-red 
precipitate. But with the hydrochlorate, it produces a white precipitate, 
which in a few minutes assumes, first a reddish, and then a deep purple- 
red colour. (Schindler, Mag. Pharm. 33, 29.) If the potash-salt does 
not contain fully 2 atoms of carbonic acid, the precipitate is brown-red 
from the beginning. (Schindler.) The carbonates of baryta, strontia, 
lime, and magnesia, precipitate mercuric salts, even in the cold. (Demar- 
9ay.) Phosphate of soda throws down from most mercuric salts (not 
from the chloride) a white precipitate of mercuric phosphate. The pre- 
cipitation takes place down to the 500th degree of dilution; (Pfaff.) 
Chromate of potash forms with mercuric solutions, not too dilute, a yel- 
lowish red precipitate. Ferrocyanide of potassium yields, with solutions 
of not less than a certain strength, a white precipitate, which turns blue 
after long standing. Tincture of galls gives an orange-yellow precipitate 
with all mercuric salts, excepting the hydrochlorate. Aqueous cyanide 
of mercury does not exhibit the greater number of these reactions. 

Those mercuric salts which do not dissolve in water, are nearly all 
soluble in hydrochloric or nitric acid; several of them likewise dissolve in 
hydrochlorate or nitrate of ammonia. Many mercuric salts form double 
salts with the salts of ammonia, potash, and soda. 

c. With ammonia. 

Mercuric nitrate in the circuit of the voltaic battery, at first deposits 
on the positive wire a small quantity of peroxide of mercury, which is 
subsequently converted into basic (?) nitrate of mercuric oxide. (Fischer, 
ICastn. Arch. 16, 218.) 
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MERCURY AND CARBON. 

A. CARBONATE OF MERCUROUS OXIDE, or MERCUROUS CARBONATE. 
Precipitated in the form of a yellow powder, on mixing mercurous 
nitrate with carbonate of potash or soda. To obtain the salt completely 
saturated with carbonic acid, mercurous nitrate is mixed with a slight 
excess of bicarbonate of potash, and the mixture set aside for a few days 
and frequently stirred, to ensure the decomposition of any basic mercu- 
rous nitrate that may be mixed with the precipitate, which is then 
washed as quickly as possible, and dried in vacuo over oil of vitriol. 
(Setterberg, Pogg. 19, 59.) This preparation gives the analysis a. Or, 
crystallized mercurous nitrate is rubbed up with bicarbonate of potash 
and water, and the product quickly washed. (H. Rose, Pogg. 53, 117.) 
The salt has a strong tendency to give off carbonic acid, and resolve itself 
into a mixture of mercuric oxide and metallic mercury. This -decom- 
position takes place, even when the salt is left to stand under slightly 
warmed water (Wittstein), and immediately on boiling (H. Eose). If 
the salt be prepared by precipitation with monocarbonate of potash or 
soda, an excess of the latter blackens the precipitate by abstracting its 
carbonic acid. (Pfaff.) Aqueous ammonia blackens the precipitate; dis- 
solves it, on digestion, with separation of metallic mercury; and, on 
subsequent exposure to the air, deposits a white powder, and leaves, on 
evaporation, a compound of mercuric oxide with ammonia. (Wittstein, 
Eepert. 57, 42.) The salt, when exposed to the air, is converted into 
mercuric oxide. (Proust.) 

Setterberg's analyses were made with the following preparations : 
a. Prepared by Setterberg's method above described. b. By the same 
method, but dried in the air instead of in a vacuum. c. By dropping 
mercurous nitrate into bicarbonate of potash, washing, and drying in the 
air, whereupon the precipitate turns blackish; it is free from nitric 
acid. According to Lefort (N. J. Pliarm. 8, 5), this is the only way of 
obtaining a product of constant composition. d. By precipitating mer- 
curous nitrate with excess of bicarbonate of potash, filtering immediately, 
washing, and drying. The precipitate thus obtained is not quite free 
from nitric acid. (Setterberg.) 
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B. CARBONATE OF MERCURIC OXIDE, or MERCURIC CARBONATE. 
Monocarbonate of potash or soda gives a brown-red precipitate with mer- 
curic nitrate. From a solution of corrosive sublimate, alkaline bicarbo- 
nates throw down, not mercuric corbonate, but oxychloride of mercury. 
When the mixture of the mercuric salt with the alkaline bicarbonate is 
boiled, the precipitate retains scarcely a trace of carbonic acid, the less in 
proportion as the boiling is continued longer. (Setterberg,) The brown- 
red salt is slightly soluble in aqueous carbonic acid and in carbonate of 
potash. (Berzelius.) It dissolves in aqueous sal-ammoniac. (Wittstein, 
Brett.) 
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Setterberg (Pogg. 19, 60) precipitated mercuric nitrate in the cold with 
excess of bicarbonate of potash; Phillips (Ann. Phil. 26, 109,) with 
monocarbonate. 

With JBoracic acid, neither mercurous nor mercuric oxide appears 
to combine. 

Heated aqueous boracic acid doea not dissolve mercurous oxide; 
neither does it precipitate mercurous nitrate : when evaporated to dryness 
with that salt, it may be completely dissolved out by alcohol, the mercu- 
rous nitrate remaining behind. The grey-green (or yellowish white) 
precipitate which borax forms with mercurous nitrate, contains no boracic 
acid, but consists of basic mercurous nitrate. B orate of ammonia added 
in small quantity to mercurous nitrate forms a black precipitate, which 
contains no boracic acid, but consists merely of Hahnemann's quicksilver; 
large quantities produce a grey precipitate, likewise free from boracic 
acid, (Gossmann, Repert. 61, 311.) Borax neutralized with boracic acid 
gives with mercurous nitrate an abundant light yellow precipitate, con- 
sisting of basic nitrate, with only 1 per cent, of boracic acid adhering to it. 
(Anthon, Eepert. 63, 22.) When crystallised mercurous nitrate is tritu- 
rated with borax, and the product treated with a small quantity of cold 
water, a dingy 'yellow precipitate is produced, which is blackened by a 
larger addition of water, and gives up a large quantity of mercuric salt to 
boiling water, metallic mercury with a little mercuric oxide remaining 
behind. (H. Rose.) 

Aqueous boracic acid boiled with mercuric oxide takes up no more of 
it than pure water; it likewise gives no precipitate, either with the hydro- 
chlorate or nitrate of mercuric oxide. Even when it is evaporated with 
mercuric nitrate till the liquid dries up and nitrous fumes begin to escape, 
the whole of the boracic acid may be extracted from the reddish yellow 
residue by alcohol. The brown-red precipitate resembling mosaic gold, 
when the solution is dilute which boracic acid forms with corrosive 
sublimate, contains no boracic acid, but consists of mercuric oxychloride. 
Similarly, the white precipitate which mercuric nitrate yields with small 
quantities of borax, and the aurora-red precipitate which it forms with 
larger quantities, consists of basic nitrate of mercuric oxide. Borate of 
ammonia forms, both with hydrochlorate and with nitrate of mercuric 
oxide, a white precipitate, free from boracic acid; the former is white 
precipitate; the latter contains mercuric oxide, nitric acid, and ammonia. 
(Gossrnann.) Borax neutralized with boracic acid likewise forms, with 
hydrochlorate of mercuric oxide, a red-brown precipitate of mercuric 
oxychloride, smaller, however, in quantity than that which ordinary 
borax produces; with nitrate of mercuric oxide, it forms a light yellow 
precipitate of basic nitrate, containing only 1 per cent, of boracic acid. 
(Anthon.) 

Tiiimermann (Kastn. Arch. 20, 23) states that he has obtained definite 
compounds of mercurous and mercuric oxide with boracic acid. 
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MERCURY AND PHOSPHORUS. 

A. PHOSPHIDE OF MERCURY. This compound is formed: 1. By 
heating JSthiops per se with. 1^ pt. phosphorus. (Pelletier); 2. By 
digesting 2 parts of mercuric oxide with 1-J- phosphorus and 1 water, 
mercuric phosphate heing formed at the same time. (Pelletier); 3, By 
decomposing heated calomel with vapour of phosphorus. '(H. Davy); 
4. By hoiling aqueous protochloride of mercury with phosphorus. 
(Boullay); 5. In the decomposition of aqueous mercurous nitrate by 
phosphuretted hydrogen gas. (Thomson); 6. When phosphuretted 
hydrogen gas is passed over dry, slightly heated protochloride of mercury, 
whereupon the phosphide of mercury sublimes. (H. Rose.) 

Phosphide of mercury (1 & 2) is black; may be cut with a knife; 
gives off, when distilled, first the phosphorus and afterwards the mer- 
cury; and, when exposed to the air, gradually loses its phosphorus by 
oxidation, That prepared by method (3) is brown (H. Davy), brown- 
red (Berzelius); according to Davy, it remains solid at the boiling point of 
mercury, and may be preserved unaltered. That prepared by (5) has the 
form of dark brown flakes. The preparation (6) is an orange-yellow 
sublimate, which, when somewhat suddenly heated, is resolved into 
phosphorus and mercury. (H. Rose, Pogg. 24, 335.) 

B. PHOSPHATE or MERCUROUS OXIDE, or MERCUROUS PHOSPHATE. 
Diphosphate of soda added to mercurous nitrate throws down a white 
crystalline powder. At a red heat, the salt gives off mercury, and is 
converted into fused mercuric phosphate, which, solidifies in a yellow 
glass. (Dulong, Mem. (TArcueil, 3, 445.) When boiled with water, it 
yields a grey mixture of mercury and undecomposed salt, while the liquid 
takes up a large quantity of mercuric phosphate. (H. Hose.) Immersed 
in hydrochloric acid, it turns grey, but blackens on boiling, metallic 
mercury being separated, and mercuric oxide, together with phosphoric 
acid, dissolving, (TrommsdorfF.) It dissolves imperfectly in solution of 
sal-ammoniac. (Brett.) The salt digested with aqueous caustic ammonia, 
or carbonate of ammonia, yields a filtrate containing phosphoric acid and 
mercuric oxide, and a residue which, besides mercurous oxide, likewise 
contains mercuric oxide, metallic mercury, and ammonia. (Wittstein.) 
Cold potash-ley decomposes the salt completely; the liquid is free from 
mercury; carbonate of potash decomposes it with the aid of heat, and 
takes up at the same time a small quantity of mercury. Aqueous sul- 
phurous or phosphorous acid added to this salt slowly reduces the mercury. 
(Trommsdorff, N. Tr. 17, 1, 263.) The salt is insoluble in water, and 
likewise in aqueous phosphoric or tartaric acid. 

Trommsdorff, 
dried at 100. 
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C. PYROPHOSPIIATE OF MERCUROUS OXIDE, or MERCUROUS PYRO- 
PIIOSPIIATE. When crystallized mercurous nitrate is triturated with 
di-pyrophosphate of soda and cold water, a blackish precipitate is 
obtained, and the liquid takes up a mercurous salt, free from mercuric 
oxide. Boiling water makes the precipitate still blacker, and forms a 
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solution containing mercuric and mcrcurous phosphates. (H. 
Mercurons pyrophosphate dissolves in excess of pyrophosphate of soda 
(Stromeyer.) Mercurous nitrate was found by Gmelin to yield, witl 
di-pyrophosphate of soda, a white precipitate, which neither blackenec 
nor dissolved when treated with an excess of the soda-salt, ^T. According 
to Schwarzenberg, the salt obtained by precipitating mercurous nitrat< 
with di-pyrophosphate of soda is a heavy, white, crystalline powder 
soluble in nitric acid, and leaving a residue of mercuric metaphosphat< 
when ignited. It is decomposed by hydrochloric acid. When recent h 
precipitated, it is soluble in excess of the soda-salt; and the solution 
when boiled, deposits a black powder. If the salt be dried at 100, it i 
afterwards insoluble in pyrophosphate of soda, and turns black, whei 
treated with that substance. It contains 83*45 per cent, of mercurou 
oxide. (Schwarzenberg, Ann, Pliarm. 65, 159.) ^[ 

D. PHOSPHATE OP MERCURIC OXIDE, or MERCTJUIC PHOSPHATE. 
Formed by precipitating mercuric nitrate with diphosphate of soda 
Chloride of mercury is not precipitated by the soda-salt. Mercuric phos 
phate is a white, heavy powder, which assumes a transient yellow colou 
when heated. (Tromnisdorff.) Bakes together when heated, and fuse 
into a dark yellow glass, which solidifies in a transparent mass on cooling 
Heated more strongly in a glass tube, it gives off mercury, oxygen gas 
and phosphorous acid jTj, and leaves a residue which does not exhibi 
any acid reaction is insoluble in water still contains mercury an< 
evaporates completely on continued ignition. (Tromnisdorff.) Aqueou 
ammonia extracts from the salt a small quantity of mercuric oxide, beside 
phosphoric acid. (Wittstein, Repert. 57, 60.) Caustic potash extracts al 
the acid, without dissolving the mercuric oxide. Carbonate of potasl 
takes up only part of the acid, but at the same time dissolves a portion o 
the mercuric oxide, which does not separate from it, even on boiling 
Aqueous phosphorous or sulphurous acid reduces the mercury of the sal 
slowly and incompletely. Cold dilute hydrochloric acid dissolves th 
salt slowly ; the same acid, when hot and dilute, dissolves it rapidly ; an< 
the cold concentrated acid dissolves it quickly and abundantly, and wit] 
evolution of heat. From the solution in hydrochloric acid, protochlorid 
of tin throws down mercury, together with stannic phosphate. From th 
residue obtained by evaporating the hydrochloric acid solution to clrynesfc 
liot alcohol extracts protochloride of mercury, which crystallizes when thi 
alcohol is evaporated. Hence it appears that hydrochloric acid take 
mercuric oxide from phosphoric acid. One part of the salt dissolves com 
pletely in the aqueous solution of 6 parts of sal-ammoniac a smal 
quantity of ammonia being given off, if the liquid is hot. The solution 
which reddens litmus, contains hydrochl orate of mercuric oxide am 
ammonia, and phosphate of ammonia. (Tromnisdorff, N. Tr. 17, 1, 203. 
The salt likewise forms clear solutions with carbonate, sulphate, am 
nitrate of ammonia. (Wittstein.) It dissolves in aqueous phosphoric acid 
but not in water or alcohol. 
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. This salt appears to be really a pyrophosphate; at all events, the 
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mercuricpyrophosphate described by Schwarzenberg (Ann.Pharm. 65, 16 
is identical with it iu composition, and exhibits similar properties, ^f 

MERCURY AND SULPHUR. 

A. BISULPHIDE OP MERCURY or MERCUROUS SULPHIDE. Formed by 
dropping a solution of mercurous nitrate into aqueous bi-hydrosulphate of 
potash ; or by pouring the latter solution on recently-precipitated and still 
moist dichloride of mercury; or by passing hydrosulphuric acid gas 
through an aqueous solution of mercurous acetate. When that gas is 
^passed through mercurous nitrate ; the nitric acid, as it is set free, decom- 
poses the hydrosulphuric acid. The precipitate is washed with cold 
water, and dried over oil of vitriol at ordinary temperatures. (Berzelius.) 

Black powder. It is resolved by a gentle heat into protosulphide of 
mercury and metallic mercury, which may be recognized by the micro- 
scope, and unites into globules when triturated. When somewhat strongly 
heated, it gives ofi" mercury, and afterwards sublimes in the form of 
cinnabar, (Berzelius, Lehrb.} Brande also (Quart. J. of JSc. 18, 292) 
regarded the precipitate produced in mercurous salts by hydrosulphuric 
acid and alkaline hydrosulphates, as disulpliide of mercury ; Guibourt, on 
the other hand, regarded it as a mixture. of mercury and the protosulphide, 
because it yielded metallic mercury by pressure [had it been heated ?], 
and was resolved by heat into mercury and cinnabar. 
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B. PROTOSULPHIDE OF MERCURY, or MERCURIC SULPHIDE. 
a. Crystalline or Red Sulphide. Cinnabar, Cinndbaris, Vermilion. 
Formation and Preparation. 1. In the dry way. Mercury, mercuric 
oxide, or trisulphate of mercuric oxide, sublimed with sulphur, yields 
cinnabar. When 5 or 6 parts of mercury are added to 1 part of molting 
sulphur, and the mixture heated, with constant stirring, till the sulphur 
becomes thick, combination takes place suddenly, attended with evolution 
of light and heat, and with violent crackling and projection of the mass. 
The resulting compound exhibits a blackish-red colour, and frequently a 
distinct red streak; it maybe regarded as cinnabar partly mixed with 
black sulphide of mercury, and partly with, uncombined mercury and 
sulphur in a state of minute division. Now, when this crude product, 
after being pounded, is mixed with a small quantity of sulphur, and a 
glass flask naif-filled with it is loosely closed with a charcoal stopper, 
sunk to two-thirds of its depth in sand, and exposed for some hours to a 
red heat in a slow-drawing wind- furnace, a sublimate of pure cinnabar is 
obtained. The excess of sulphur, being more volatile than the cinnabar, 
escapes; foreign metals remain in the form of sulphides at the bottom of 
the flask. If the upper part of the flask becomes too hot, a portion of 
the cinnabar may be lost by volatilization. 

Old method of preparation in Amsterdam. 170 pounds of mercury 
are gradually added to 50 pounds of melted sulphur contained in a cast- 
iron pot, the materials being stirred up with an iron spatula, but not so 
rapidly as to give rise to active combustion the mixture poured out 
upon an iron plate, and broken into pieces after cooling and the frag- 

c2 
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ments put into hand-jars capable of holding Impounds of water. T. 
subliming vessels are earthen cylinders 4 feet high, glazed within, ^ai 
closed at the bottom ; they are sunk to two-thirds of their depth m 
furnace in which their lower part is heated to redness. A few hand-ja 
full of the mixture are thrown into each of these subliming vessels, a: 
the contents left to crackle and burn, till the greater part of the excess 
sulphur volatilizes, and the flame diminishes. The smooth, level openi 
is then covered with a thick, smooth pkte of cast-iron : the plate remov 
as soon as a sufficient quantity of cinnabar has collected upon it; t 
cinnabar which has collected on the upper part of the vessel pushed doi 
again; afresh plate put on, &c. c. The contents of the cylinder i 
stirred up from time to time, and fresh material introduced. The cinnab; 
after being detached from the plates, is ground as finely as possible wi 
rain-water. 

Method of preparation in Idria. A number of casks, each containi 
8 pounds of pounded sulphur and 42 pounds of mercury, are made 
turn upon their axes for two or three hours, till the contents are c< 
verted,, with slight evolution of heat, into a brown powder. 100 pour 
of this powder are then introduced into an upright cast-iron cylind 
previously heated in a furnace ; the cylinder covered with an iron capit 
kept down by weights, till the crackling of the mass is over ; the ir 
capital thereupon replaced by one of stone-ware, having its beak^c< 
nected with a tube and receiver, and the fire increased. The best cini 
bar collects in the capital, which is afterwards broken in pieces ; tl 
which condenses in the tube and receiver, if mixed with excess of sulph 
is added to the quantity introduced at the next sublimation. The cim 
bar, after being finely ground with water, is well boiled with potash-L 
and washed with boiling and with cold water. (Mitscherlich, Lehrb.) 

Chinese method. 1 part of sulphur and 4 parts of mercury are si 
limed in an earthen vessel, to which an iron cover, kept constantly mo: 
is luted ; the fire is kept up for four-and-twenty hours ; the vessel brol 
up after cooling; the less pure sublimate separated; the purer port 
pounded up, and the powder sifted into a large vessel filled with wat< 
the water, with the scum floating on it, poured off after a while, 
process being twice repeated; and lastly, the sediment at the bottom 
dried. (N. Edinl. J. of Sc. 2, 352.) 

European cinnabar, whether prepared in the dry or in the IIUTJ 
way, always has a tinge of yellow ; the Chinese, which is six times 
dear, inclines to carmine colour, although no foreign matter can 
detected iu ifc, excepting a little glue. By the sublimation of comir 
cinnabar with 1 per cent, of sulphide of antimony, a dark steel-gi 
cinnabar is obtained, which becomes brown-red when pulverized: but 
it be finely ground, and repeatedly boiled with solution of liver of sulph 
then thoroughly washed and digested with hydrochloric acid, and aft 
wards washed and dried, it becomes exactly like the Chinese vermili< 
but of a still finer colour. No antimony can be detected in it. (Wehr 
Zeitschr. Phys. v. Wiss. 2, 27.) 

The principal point to be attended to in the preparation of cinnal 
by sublimation, is that no black, amorphous sulphide get mixed with it 
2. In the humid way. The black, amorphous sulphide of mercu 
obtained by the action of hydrosulphuric acid, or of alkaline hydros 
phates or hydrosulphites on mercury, its oxides, and salts, is convert 
by contact with alkaline hydrosulphites, slowly in the cold, but quick 
when heated, into the red sulphide. 
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Mercury, agitated and digested with Boyle's spirit of sulphur (II. 454; 
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converted into fine spiculse of crystallized cinnabar. A similar result is 
obtained with pulverized sulphide of mercury, obtained by fusing sulphur 
and mercury together with mercuric oxide, and likewise with the trisul- 
phate and monosulphate of mercuric oxide, excepting that the latter 
become heated by contact with the spirit of sulphur, and require a larger 
quantity of it to convert them into cinnabar. The black precipitate, also, 
which spirit of sulphur yields with mercurous nitrate, acquires a splendid 
red colour after a few hours' immersion in fresh spirit of sulphur. The 
black precipitate obtained from protochloride of mercury does not change 
into cinnabar in less than a year. Potassic liver of sulphur acts much 
more slowly than Beguin's spirit. (Baume, Chim. experiment. 2, 466.) 
The black precipitate which the sulphates, hydrochl orates, and nitrates of 
mercury yield with ammoniacal or potassic liver of sulphur, turns red 
slowly and after long standing, at ordinary temperatures, but rapidly 
when heated. Protochloride of mercury yields remarkably fine cinnabar. 
Ammoniacal liver of sulphur yields a more finely-coloured product than 
potassic liver of sulphur. (Proust, Gilb. 25, 174.) 

The black powder obtained by triturating 7 parts of mercury with 
2 parts of sulphur till the fluidity of the metal is destroyed, acquires a, red 
colour when immersed in a solution of potassic liver of sulphur at 45, and 
yields 7*05 parts of moderately good cinnabar. The black powder like- 
wise yields cinnabar when immersed in sodic liver of sulphur and hydro- 
sulphate of ammonia, but not in caustic ammonia. Mercuric oxide 
blackens when immersed in hydrosulphate of ammonia, but afterwards 
turns gradually red from top to bottom, and after 14 days yields 106*2 
per cent, of bright red cinnabar, which sublimes without residue. With 
potassic liver of sulphur, the product obtained consists of 101*65 per cent, 
of cinnabar, which has a yellowish iridescence, and when sublimed yields 
a small quantity of metallic mercury as well as cinnabar. Calomel 
digested with hydrosulphate of ammonia, blackens at first, and after 
several days yields 96'7 percent, of brown-red cinnabar ; with potassic 
liver of sulphur, it yields 99 '5 per cent. Trisulphate of mercuric oxido 
digested for 8 days in hydrosulphate of ammonia, yields 94 '17 per cent, 
of crystals, having the dark colour of sublimed cinnabar, and becoming 
bright red by trituratiou ; a small quantity of mercury is found in the 
liquid. In solution of pofcassic liver of sulphur, the mercuric sulphate 
yields 102*9 per cent, of dingy yellowish-red cinnabar, which sublimes 
without residue, and is theieby converted into ordinary cinnabar; the 
liquid contains no metallic mercury. Mercurius solabilis immersed for a 
few days in hydrosulphate of ammonia, yields 99 '9 per cent, of a violet- 
red crystalline powder, consisting of cinnabar, which sublimes without 
residue; with potassic liver of sulphur, it yields 101 - 2 per cent, of brown- 
red, pulverulent cinnabar. (Brunuer, Pogg. 15, 600,) When recently 
prepared white precipitate is immersed in bi-hydrosulphate of ammonia, 
or in nionosulphide of ammonium previously saturated with sulphur, the 
black colour which it first acquires, passes at 40 or 50, through red- 
brown into the beautiful dark carmine- red of Chinese vermilion, the 
change taking place more quickly as the liquid is more concentrated. 
The colour may be rendered still brighter by subsequent digestion with 
strong potash at a gentle heat. (Liebig, Ann. Pharm. 5 y 289 j 7, 49.) 
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The black precipitate which hydrosulphuric acid or hydrosulphate^ of 
ammonia yields with mercuric salts, is converted by immersion in alkaline 
hydro sulphates into cinnabar, the cliange taking place the more easily as 
the temperature is higher, and as the alkaline hydrosulphate contains a 
larger excess of sulphur. (Gm.) The red colouring of the black sulphide 
of mercury, produced by treating it with solution of liver of sulphur, is 
due to crystallization, which is rendered possible by its solubility in the 
liver of sulphur. 

Particular modes of preparation in the humid way : 

Kirchhoff (Scher. J. 2, 290) triturates in a porcelain dish, 100 parts 
of mercury with 23 parts of flowers of sulphur, moistening the mixture 
with potash-ley, till the fluidity of the mercury is destroyed ; he then 
warms the mass, still triturating constantly, in a solution of 53 parts 
potash-hydrate in 53 parts water, replacing the water as it evaporates, 
till, in about two hours, the black colour of the mixture changes to brown, 
and then quickly to red. The mass is then evaporated, still with con- 
stant trituration, to a thin paste, till the red colour has attained its utmost 
degree of brightness, whereupon the heat is immediately removed. If 
the heat be not continued long enough, the fine red colour is not fully 
developed ; and if it be applied only a few seconds too long, the colour 
' changes to brown, and cannot be brought back again to red. (KirchhorT.) 
In consequence of the too great excess of potash, a portion of the sulphide 
of mercury dissolves in the liver of sulphur, and is deposited on the 
addition of water. In this process, therefore, it is necessary to wash, 
first with potash, and then, but not before, with water. (B runner.) 

Bucholz (Scher. J. 9, 170; also CVeZZ, Ann. 1802, 1, 27) heats and 
agitates for 4 hours, and then digests for 12 hours, a mixture of 4 parts of 
mercury, 1 of sulphur, 3 of potash-hydrate, and 6 of water, 

Brunner (Pogg. 15, 593) carefully triturates 100 parts of mercury with 
38 parts of flowers of sulphur, till the whole is converted into -/Ethiops 
a process which requires 3 hours for small quantities, and 1 2 hours if the 
quantity amounts to a few pounds and heats it in a porcelain basin or a 
cast-iron pot, with a solution of 25 parts of potash-hydrate in 133 to 150' 
parts of water, keeping the temperature uniformly at 45, and never 
letting it rise above 50. At first, the mixture is continually stirred with 
the pestle, afterwards from time to time. The water which evaporates is 
replaced, so as not to allow the mixture to acquire the thickness of a 
jelly. When the reddening has once begun, which generally takes place 
in about 8 hours, the heat must not be allowed to rise above 45; and as 
soon as the red has attained its greatest degree of brightness, the vessel is 
removed from the fire, or else, which is better, the mixture is kept for 
some hours exposed to a gentler heat. It is then washed, and the mer- 
cury which remains metallic, separated by levigation, whereupon it yields 
from 109 to 110 per cent, of cinnabar, but little inferior to the finest 
native variety, and far superior to that obtained by sublimation. The 
ahoye-mentioned proportion of the ingredients gives the largest amount 
of cinnabar. J 00 parts of mercury yield with 40 parts of sulphur and 40 
of potash-hydrate, 107 cinnabar; with 28*3 sulphur and 51 potash- 
hydrate, 94-2; with 33 to 40 sulphur and 60 potash-hydrate, 81'5; and 
with 30 sulphur and 60 potash-hydrate, only 47'3 cinnabar. (Brunner. 

D'obereiner (Scliw. 61, 380) gently heats mercury with a solution of 
pentasulphkle of potassium, triturating it continually, till the mercury is 
converted iuto a dark red powder, a change which generally takes place 
in about an hour and a half; he then decants the liquid (which contains 
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protosulphide of potassium, and by digestion with sulphur may be 
rendered fit for another preparation of cinnabar), and triturates the 
powder with a small quantity of dilute potash-ley at 40 or 45, till it 
acquires a fiery red colour. 

If the cinnabar has become brown from being heated too long with 
sulphur and potash-ley, it may be restored to the state of the finest 
vermilion by the addition of water and the application of a moderate 
heat. (StoTch/JRepert. 35, 107.) 

Th. Martius (Kastn. Arch. 10, 497) places the ingredients in bottles 
closed with corks, and packs them, in a box, which is fastened to the 
upper beam of a sa\Y-mill. In 24 or 36 hours, at ordinary temperatures, 
the most beautiful cinnabar is obtained ; it is afterwards washed and dried. 
This method not only has the advantage of dispensing with the labour of 
trituration, but it likewise prevents the hitherto unexplained passage of 
the cinnabar into the brown state, which is so liable to take place on the 
application of heat. The author is indebted to Martius for two splendid 
specimens of this cinnabar. 

Adulterations. Brick-dust remains behind on ignition. Oxide of iron 
the same; it may also be dissolved out by hydrochloric acid. Red lead 
remains behind .on ignition, in the form of a fused protoxide, and yields 
chloride of lead, with evolution of chlorine on boiling the substance with 
hydrochloric acid ; it may also be extracted by large quantities of boiling 
water. Dragoris Blood. Empyreumatic odour on the application of heat; 
gives a red colour to alcohol. 

Properties. Native cinnabar and many of the artificial varieties 
form crystals belonging to the rhomb ohedral system, the primary form 
being an acute rhombohedron. Fig. 151, 135, 160, and other forms, 
r 3 : r s = 71 48'; r 1 : r 3 or r 5 = 108 12'. Cleavage parallel to r and s. 
Cinnabar obtained by sublimation assumes the form of fibrous masses. 
Specific gravity of the native mineral, 8*0 to 8'1; of the artificially sub- 
limed compound, 8'0602 (Karsten), 8' 124 (Pol. Boullay). In. the mass it 
is cochineal-coloured, transparent, and has an adamantine lustre; its 
powder is scarlet. Becomes brownish when gently heated; quite brown 
at 250, and black at a higher temperature; but ii' the heat has not been 
strong enough to cause it to volatilize, it recovers its fine scarlet colour 
on cooling. 

Erdmann & 

Proust. Guibourt. Marchand. Sefstrom. Seguin. 

Hg .... 100 .... 8(1-21 .... 8,5 .... 86-21 .... 86-211 .... 86-29 .... 86'6 
S .... 16 .... 13-79 .... 15 .... 13-79 .... 13'789 .... 13'71 .... 13-4 



HgS., 


. 116 .... 100-00 ... 


. 100 .. 


.. 100-00 .... 


100-000 .... 100' 


00 .... 100-0 




Vapour of IVlGroury 


Vol. 
6 


Sp. gr. 
41-5800 


Vol. 

2 


Sp. gr. 
4-G200 




Vapour of Sulphur .... 


.... 1 . 


6-6556 


* 


0-7395 




Vapour of Cinnabar 


.... 9 . 


... 48-2356 


1 .... 


5-3595 



The opinion of Fourcroy that cinnabar likewise contains oxygen, has 
been refuted by Proust (Gilb. 25, 171) and Seguin (Ann. Cliim. 90, 252). 

11 Bealey (Chem. Soc. Qu. J. IV, 180) has examined several specimens 
of native cinnabar: (a), from New Almaden, in California; (6), from 
Almaden, in Spain; (c), from Moschcllandsbcrg; (W), from Wolfstem. 
The following are the mean results of the analyses : 
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The Californian ore has a bright red colour, slightly inclining to 
purple, and appears to have been imperfectly cleared from a soft, light- 
brown earth, which can be easily scraped from its surface. It breaks 
without much difficulty under the hammer, and is afterwards easily 
reduced to powder, with the exception of some bright crystalline particles, 
which are extremely hard. The surfaces of recently broken ore appear 
much more purple than those long exposed. It is traversed at irregular 
intervals by very thin bands of white, hard, crystalline mineral, apparently 
calcareous and siliceous. In the state of fine powder, it has a very 
brilliant vermilion colour, much darker than that of the massive ore. Its 
specific gravity is 4*410. It is found in nests in a stratum of yellowish 
earth 42 feet thick. The vein is very large, and crops out on the surface, 
where it is worked. It yields a large quantity of mercury, 10,000 Ibs. of 
which have been obtained from it in three months. The occurrence of 
this mineral has been known to the natives from time immemorial, as the 
cave of red earth, which they employed for painting their bodies. The 
ore from Almaden in Spain is, like the Californian ore, massive, but much 
less brilliant, and much harder. Throughout its mass, small yellow 
patches of iron pyrites are irregularly distributed. In the state of fine 
powder, it has a dull, brick-red colour. Sp. gr. 3'622. The ore from 
Moschellandsberg is dark red brown, crystalline, heavy, very hard, and 
difficult to pulverize. Sp. gr. 4'735. The ore from Wolfstein is a grey, 
earthy-looking mineral, with dark, livid* patches occurring at intervals 
in its substance. It is very hard, and yields a light puce-coloured 
powder, ^f 

Decompositions. Cinnabar heated in the air burns with a blue flame, 
yielding sulphurous acid and metallic mercury. When sublimed with 
lamp-black or charcoal, the greater part decomposes, metallic mercury 
being separated, and a large quantity of hydrogen gas containing sulphur 
evolved. (F. C. Vogel, Klapr. & Wolffs Worterbuck, 5, 761.) That which 
Vogel took for hydrogen gas containing sulphur is really vapour of 
sulphide of carbon; a great part of the cinnabar remains undecomposed. 
(Berthier.) Cinnabar volatilized at the beginning of a red-hot tube 
through which a current of hydrogen is passed, yields a large quantity of 
hydrosulphuric acid gas, and a black sublimate containing a large number 
of mercurial globules, but no mercuric oxide. (Regnault.) [What becomes 
of the oxygen of the water ?] Boiling water, aqueous alkalis, and hydro- 
chloric acid, exert no decomposing action. Boiling oil of vitriol gives off 
sulphurous acid, and leaves mercuric sulphate. (Brande.) Nitric acid 
exerts but a feeble action, even when aided by heat. Aqua-regia acts 
violently, even at ordinary temperatures, dissolving the mercury in the 
form of mercuric oxide; while the sulphur is partly separated in the free 
state, and partly converted into sulphuric acid. In chlorine gas cinnabar 



MERCURIC SULPHIDE. 25 

burns vividly, forming chloride of sulphur and chloride of mercury. Cinna- 
bar heated with dry protochloride of tin gives off hydrochloric acid, with a 
trace of sulphurous acid, and leaves mosaic gold. (A. Vogel.) [In this re- 
action, dicblo ride of mercury must be evolved: 2HgS + SnCl=Hg 2 Cl + SnS 2 .J 
Cinnabar boiled with aqueous protochloride of tin, gives off hydrosulphuric 
and hydrochloric acid, and is converted into a brown mixture of unde- 
composed cinnabar, metallic mercury, protochloride of tin, and bi-oxide of 
tin. (A. Vogel, Kastn. Arch. 23, 82.) It is difficult to understand by what 
reaction these products are formed. 11". According to Bolley (Ann. Pharm. 
75, 239), cinnabar turns instantly black when immersed in a solution of 
silver-nitrate containing excess of ammonia, and may be recognized with 
certainty by means of this reaction, even when mixed with other bodies, 
and used as a pigment ; the reaction consists in the formation of sulphide 
of silver and compounds of basic nitrate of mercuric oxide with mercuric 
. amide. According to Liebig and Kopp (Jahresbericht, 1 850, 332), orpiment 
and sulphide of tin, when freshly precipitated, give the same reaction 
with silver-nitrate without ammonia. U" Iron, tin, antimony, and several 
other metals, withdraw the sulphur, on the application of heat, and allow 
the mercury to distil over. Fixed caustic alkalis and their carbonates 
liberate the mercury on ignition, while a mixture of metallic sulphide and 
alkaline sulphate remains behind : 

4HgS + 4CaO=4Hg + 3CaS + CaO,S0 3 . 

Carbonate of soda, and also lime, if it be mixed with a certain quantity 
of charcoal, produces complete decomposition of the cinnabar. (Berthier, 
Ann. Chim. Phys. 33, 161.) Cinnabar ignited with protoxide of lead gives 
off sulphurous acid and mercury, leaving very pure metallic lead and a 
fused slag, which, if the lead-oxide is not in very great excess, contains 
undecomposed cinnabar. 117 pts. (1 At.) of cinnabar heated in a dis- 
tillatory apparatus with different quantities of litharge, yield the following 
results. With 446 pts. (4 At.) litharge: sulphurous acid gas, 100 pts. 
(nearly 1 At.) lead, and an opaque, blackish grey slag. The one atom of 
sulphur in the cinnabar should take up 2 atoms of oxygen from the 
litharge, and reduce 2 atoms of lead; but since only half that quantity of 
lead is really obtained, it follows that half the cinnabar must have entered 
without decomposition into the slag. If only a gentle heat be applied in 
the beginning of the action, nothing but mercury, with a small quantity 
of sulphurous acid, passes over ; but on subsequently raising the heat to 
bright redness, a large quantity of sulphurous acid goes off, lead is reduced, 
and the ahove-mentionedslag is formed. With 669 pts. (6 At.) litharge: 
110 parts of lead, together with a transparent, black-brown glass. With 
894 pts. (8 At.) litharge : 180 parts of lead, together with a transparent, 
hyacinth-red glass. With 1788 pts. (16 At.) litharge: 206 pis. (nearly 
2 At.) lead, together with a crystalline slag, having the appearance of 
litharge. For the complete desulphuration of the cinnabar, 10 atoms of 
litharge are probably sufficient. (Berthier, Ann. Chim. Phys. 39, 247.) 

b. Amorphous or Black Sulphide of Mercury. Formation. 1. Cin- 
nabar moderately heated out of contact of air, is converted into black 
sulphide of mercury; at a stronger heat, however, it is reconverted into 
[sublimed?] cinnabar. (Scguin, Ann. Qk-im. 90, 268.) To render the 
black colour permanent after cooling, the cinnabar must be heated till it 
begins to volatilize. (Fickentscher, Repevt. 33, 429.) As soon as the 
finely pounded cinnabar begins to sublime, the glass tube containing it 
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must be immediately plunged into cold water; the cinnabar is thereby in 
most cases completely converted into the black sulphide, especially if 
it has been prepared in the humid way. (Fuchs, Pogg. 31, 58K) 
2. Hydrosulphuric acid and alkaline hydrosulphates added to mercuric 
salts, throw down black sulphide of mercury. Pulvis hypnoticus s. nar- 
coticus Krielii, obtained by precipitating mercurous nitrate with potassic 
liver of sulphur, is black sulphide of mercury, sometimes mixed with 
excess of sulphur. 3. Metallic mercury agitated with excess of aqueous 
pentasulphide of ammonium or potassium, withdraws sulphur from that 
compound, and forms black sulphide of mercury. If powdered sulphur 
be added to the liquid, the sulphur dissolves in the protosulphide ^ of 
ammonium or potassium, and reconverts it into pentasulphide, which 
again gives up sulphur to the remaining portion of metallic mercury, till 
the latter is fully saturated with sulphur. This reaction is the basis of 
the preparation of cinnabar in the humid way. 4. If 16 parts of sulphur 
be continuously triturated, at ordinary temperatures, with 100 parts of 
mercury, heat is evolved and the same black compound formed. When 
1 part of sulphur is triturated with 8 parts of mercury, till the latter is 
completely deadened, the whole of the sulphur is found to be converted 
into sulphide of mercury (mixed with excess of mercury) ; for boiling 
potash is not coloured by contact with it; the excess of mercury may be 
dissolved out by dilute nitric acid. With 1 part of sulphur to 5 parts of 
mercury, the whole of the metallic mercury disappears after 8^- hours' 
trituration; and when the proportion is 1 pt. of sulphur to 3 of mercury, 
the whole of the metal disappears in 5 hours. (Munck af. Rosenschold, 
Pogg. 34, 453.) 

JSthiops miner alls j Mineral llack> or Quicksilver black, obtained by 
triturating together, at the ordinary temperature, equal parts of mercury 
and sulphur, till the mercury completely loses its fluidity, is a mixture of 
black sulphide of mercury with excess of sulphur. Unless the trituration 
is continued for a very long time after the globules of mercury have dis- 
appeared, the mixture will still contain finely divided mercury, which 
may be recognized by its power of amalgamating gold, on trituration, 
and by its solubility in cold dilute nitric acid. When equal parts of 
mercury and sulphur are rubbed together till nitric acid no longer dis- 
solves out mercury from the mixture, the excess of sulphur may be 
extracted by sulphide of carbon, and then a black residue is left, having 
the composition of cinnabar. (C. Gr. Mitscherlich, Pogg. 16, 353.) 

To save the trouble of trituration, the mixture may be agitated by 
means of the saw-mill (as described on page 23); but to obtain a soft, 
black preparation, it is necessary to add a little water. If dry materials 
are used, a black-brown granular powder is obtained,, which, though it 
becomes blacker by trituration, always remains lighter than the former. 
(Th. Martius.) 

The following methods are also recommended to accelerate the 
deadening of the mercury. 1. To warm the mortar. (Lichtenberg.) If, 
however, the heat be very strong, a small quantity of cinnabar may 
likewise be formed. 2. To triturate a hot mixture of 1 pt. mercury, 
1 pt. sulphur, and 1 pt. sugar, with a small quantity of water, replacing 
the water as it evaporates, and washing out the sugar after the mercury 
has completely lost its fluidity. (Monbeim, Repert. 45, 273.) 3. To 
triturate 1 part of mercury with 1 part of sulphur, with the addition of 
pt. aqueous hydrosulphate of ammonia (Geiger) or hydrosulphate of 
potash, which is afterwards to be removed by washing. (Destouches.) 
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This process may likewise produce a portion of cinnabar; which has no 
medicinal action. When the black sulphide is prepared by fusing mer- 
cury and sulphur together, the proportion of its constituents is indeter- 
minate on account of the volatilization of the sulphur; and it contains a 
large quantity of cinnabar, which remains undissolved on boiling with 
potash, whereas good sethiops is either wholly or almost wholly soluble 
in that liquid. 

Black sulphide of mercury is converted into the red sulphide, both by 
sublimation and by the action of aqueous alkaline hydrosulphites. Its 
reactions, so far as they known, are the same as those of the red sulphide, 
but are produced with greater facility; thus it is dissolved by hot nitric 
acid, with separation of sulphur. 

Alkaline Hyposulphites form with mercuric salts, a white or yellow 
precipitate, which, according to H. Rose, is a compound of sulphide of 
mercury with the original mercuric salt (p. 13). 

IT Pentathionic and Tetrathionic Acid yield with mercurous nitrate, a 
yellow precipitate which slowly blackens on boiling; and with the proto- 
chloride of mercury, a yellowish precipitate consisting of a compound of 
sulphide and chloride of mercury mixed with free sulphur; with the 
cyanide, these acids gradually form a yellow precipitate, which blackens 
slowly in the cold, immediately on boiling. (Kessler.) 1" 

TritMonic Acid forms with mercurous nitrate a yellowish precipitate, 
which turns black on adding an excess of the acid. (Fordos & Gelis.) 
^f With mercuric nitrate (Fordos & Gelis) and protochloride of mercury, 
it forms a white precipitate, which is a compound of sulphide of mercury 
and the original salt mixed with free sulphur; and with cyanide of mer- 
cury, a yellow precipitate which blackens slowly in the cold, readily on 
boiling. (Kessler.) ^ 

C. HYPOSULPHATE OF MERCUROUS OXIDE, or MERCUROUS HYPO- 
SULPHATE, A solution of recently-precipitated mercurous oxide in the 
aqueous acid, yields indistinct colourless crystals on evaporation. These, 
when heated, give off mercury, mercurous sulphate, and free sulphuric 
acid; potash separates mercurous oxide from them. Cold water dissolves 
them sparingly, and hot water turns them black. Nitric acid dissolves 
them readily. (Ramrnelsberg, Pogg. 59, 472.) 

Crystallized. Rammelsberg. 

Hg 2 208 .... 74-29 .... 74-28 

S 2 O 5 72 .... 25-71 .... _ 

Hg 2 O,S 2 O 5 280 ~I. 100-00 

D. Mercuric Hyposulpliate ? When mercuric oxide is digested with 
aqueous hyposulphuric acid, and the nitrate evaporated, mercurous sul- 
phate crystallizes out, and sulphuric acid remains in solution : 

2HgO + S 2 O 5 =Hg 2 0,S0 3 + SO S . 

If an excess of mercuric oxide is used in the digestion, a yellowish white 
powder remains on the filter, probably consisting of basic hyposulphate 
of mercuric oxide. When lieated, it is decomposed with a hissing noise, 
and is partly converted into mercury and mercurous sulphate. Potash 
separates from it 80*84 per cent, of mercuric oxide. Hydrochloric acid 
dissolves it with facility. (Rammelsberg.) 
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E. SULPHATE OF MERCUROUS OXIDE, or MERCTJROUS SULPHATE. 
1. One part of mercury is gently heated with from y to 1 part of oil of 
vitriol, till somewhat more than the half of it is converted into a solid 
salt; the product is then freed from excess of mercury and oil of vitriol 
by decantation and washing with a small quantity of cold water. If the 
the salt be heated to dryness, the resulting mass is a mixture of mer- 
curous and mercuric salt; and if 2 parts of mercury have been used with 
1 part of oil of vitriol, it still contains a large quantity of free mercury; 
the mercurons salt is gradually converted by the hot oil of vitriol into 
mercuric salt. 2. When 18 parts of monosulphate of mercuric oxide are 
triturated with 6 parts of water and 11 parts of mercury, heat is evolved and 
the mercury is taken up. (Planche, Ann. Chim. 66, 168.) 3. An aqueous 
solution of mercurous nitrate is precipitated with sulphuric acid or sul- 
phate of soda, and the precipitate washed with a small quantity of water. 
EL Rose triturates crystallized mercurous nitrate with sulphate of soda, 
and dissolves out the nitrate of soda with cold water. 

White heavy crystalline powder, or small prisms. Fuses at a low red 
heat, and immediately gives off a mixture of 103 measures of sulphurous 
acid gas and 97 measures of oxygen, while mercury with a small quantity 
of sulphate, and a very small quantity of undecomposed sulphuric acid, 
distils over. (Gay-Lussac, JV. Qehl. 4, 469.) By continued boiling with 
a large quantity of water, the salt is resolved into acid mercurous sul- 
phate, which dissolves, and a dingy yellow powder, consisting of a mix- 
ture of metallic mercury and terbasic mercuric sulphate. (H. Rose.) 
Proust and Donovan regarded this yellow powder as a basic sulphate of 
mercurous oxide, According to Kane (Ann. Chim. Pliys. 72, 273), no 
basic salt is obtained by treating this compound either with cold or with 
boiling water. The salt dissolves in dilute nitric acid, and is almost 
wholly precipitated therefrom by dilute sulphuric acid, (Wackenroder, 
Ann. Pharm. 41, 319.) It dissolves abundantly in hot oil of vitriol, from 
which it is partly separated in the crystalline form on cooling; another 
portion is precipitated by water. 

Kane. 

2Hg 200 .... 80-65 80-80 

8 .... 3-22 3-18 

SO 3 40 .... 16-13 16-02 



Hg 2 O,S0 3 248 .... 100-00 100-00 

The salt examined by Kane was obtained by double decomposition accord- 
ing to (3) ; it appeared to be anhydrous. 

F. SULPHATE OF MERCURIC OXIDE, or MERCURIC SULPHATE. a. Ter- 
basic. Mineral Turbite, Turpethum miner ale.. 1. The monobasic salt 
in the state of powder is triturated with considerable quantities of water 
most advantageously with boiling water which removes the greater 
part of the acid, in combination with a small quantity of oxide. If the 
action of the water be not continued long enough, a portion of the mono- 
sulphate remains undecomposed. 2. Mercuric nitrate is precipitated at a 
high temperature by sulphate of soda. When 108 parts of mercuric 
oxide are dissolved in nitric acid, and the solution diluted with water, 
mixed with sulphate of soda, and then warmed, a precipitate is formed 
amounting to 97 '2 parts. (Geiseler.) By heating 108 parts of mercuric 
oxide with 16'2 parts of oil of vitriol and 540 of water, an orange-yellow 
mass is obtained, but not the true turpethum. (Geiseler.) Bright lemon- 
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yellow powder, assuming a reddish colour while hot. Sp. gr. 6*444. 
(Wattson.) Chlorine gas at, ordinary temperatures decomposes it very 
slowly, and in the same manner as the oxide. (Pelouze.) Gives up all its 
acid to caustic potash. (Donovan.) Dissolves in 2000 parts of cold, and 
600 of boiling water. (Fourcroy, Ann, Chim. 10, 307.) 

Kane (1). R. Phillips (1) 

3HgO 324 .... 89-01 .... 88*90 87'4 

SO 3 40 .... 10-99 .... 10*95 12'6 

3HgO,S0 3 364 .... 100-00 71. 99'85 IZI lOO'O 

Geiseler. Braamcamp & Siq. Ol. 

88-41 87-7 

11-34 12-0 



99-75 99-7 

b. Monobasic. 1. When 1 part of mercury is heated with 1^ part of 
oil of vitriol, till the mixture is perfectly dry, sulphurous acid gas is 
evolved (>ch. 23), and a white solid mass is evolved. If only 98 parts of 
oil of vitriol are used to 100 of mercury (as the formula would indicate), 
the product is mixed with unaltered mercury [and mercurous sulphate] ; 
when 100 parts of mercury and 125 of oil of vitriol are used, mercury 
sublimes after the sulphurous acid has gone off", and the residue amounts 
to only 128 parts instead of 148, as it ought to be. [It likewise contains 
mercurous salts.] 100 parts of mercury and 166 of oil of vitriol yield a 
residue amounting to 152 parts [the excess probably consisting of admixed 
oil of vitriol]. (Geiseler, N. Br. Arch. 14, 115.) A large quantity of 
undecomposed oil of vitriol evaporates with the sulphurous acid. Pure 
mercuric sulphate dissolves completely in concentrated hydrochloric acid; 
if mercurous salt is mixed with it, a white residue is left, which, after 
washing with water, is blackened by potash. 2. 108 parts of mercuric 
oxide are heated to dryness with water and more than 49 parts of oil of 
vitriol. 108 parts of mercuric oxide triturated with 48*6 parts of oil of 
vitriol form, with evolution of heat, a dry compact lump, white on the 
outside, yellow and red within. When heated after trituration, it yields 
a reddish-white powder; and if this powder is heated with excess of oil of 
vitriol, till the latter evaporates, there remain 151-2 parts of salt. 108 
parts of mercuric oxide heated with 540 parts of water and 194-4 parts of 
oil of vitriol, dissolve completely, and leave, after sufficient heating, 149 
parts of salt. (Geiseler.) 

White opaque mass; when ignited, it first turns yellow and then red, 
but loses its colour on cooling. (Mohr.) At a strong red heat, it is 
resolved into sulphurous acid, mercury, and mercurous sulphate. A sub- 
limate of metallic mercury is formed at the top of the tube; below that, 
white mercurous sulphate, and lowest of all, next to the undecomposed 
salt, a sublimate of mercuric sulphate. (Mohr.) The salt, when heated 
with charcoal, yields reduced mercury, and gives off equal measures of 
carbonic aud sulphurous acid gases. (Gay-Lussac, J.pr. Chem. 11, 70.) 

HgO,SO 3 + C=Hg + SO 2 + CO 2 . 

When triturated with aqueous hydriodic acid, it immediately yields 
protiodide of mercury and free sulphuric acid. (Mohr.) Mercuric sul- 
phate and common salt decompose each other, both in the wet and in the 
dry way (Mialhe), yielding sulphate of soda and protochloride of mercury. 
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It does not absorb hydrochloric acid gas at ordinary temperatures, but 
when gently heated, it takes up that gas abundantly the absorption 
producing a rise of temperature, by which a portion of the chloride of 
mercury may be sublimed and is converted into a mixture of protochlo- 
ride of mercury and oil of vitriol : 

HgO,S0 3 + HCl=HgCl + HO,S0 3 . 

The mass does not smell of hydrochloric acid; it hisses when moistened 
with water, and absorbs water from the air, so that the sulphuric acid 
may be afterwards poured off from it in the dilute state; after the extrac- 
tion of the sulphuric acid by a small quantity of cold water, there remains 
a residue of corrosive sublimate. After the sublimation of the mass, 
there remains a small quantity of mercuric sulphate, reproduced by the 
action of the oil of vitriol on the corrosive sublimate. (Molir.) According 
to Kane (Ann. Pharm. 19, 5), the dry salt absorbs y At. hydrochloric 
acid gas, the absorption being attended with rise of temperature, bu-t not 
with decomposition. The hydrochloric acid thus taken up escapes rapidly 
on the application of heat, and slowly when the salt is exposed to the air; 
water extracts it immediately. Aqueous hydrochloric acid likewise acts 
upon dry mercuric sulphate, protochloride of mercury being produced, with 
great rise of temperature and evolution of sulphuric acid. (Mohr.) The 
vapour of anhydrous hydrocyanic acid acts only upon the heated salt, 
which it concerts into cyanide of mercury and sulphuric acid; by too high 
a temperature, however, mercury is immediately reduced and raercurous 
sulphate formed. Aqueous hydrocyanic acid likewise acts on the salt, 
causing rise of temperature, and forming a solution of cyanide of mercury 
and sulphuric acid, or acid mercuric sulphate. The solution, when 
boiled, evolves gas, and deposits mercurotis sulphate in the form of a 
white powder, while mercuric sulphate remains in solution. (Mohr, Ann. 
Pharm. 31, 180.) By water, the monobasic salt is resolved into the 
terbasic sulphate and a solution of the acid salt. 100 parts of monobasic 
mercuric sulphate treated with a large quantity of cold water, yield 70*55 
parts of terbasic sulphate, and 4*2 parts more on boiling, making in all 
74*75 parts; with a smaller quantity of water, 77*5 parts of the terbasic 
salt are obtained. By long boiling with water, 71*09 parts of terbasic 
salt are produced, and a solution containing 10*11 parts of mercuric oxide 
to 19'08 sulphuric acid [about 1 At. mercuric oxide to 5 At. acid]. 
E. Phillips. (Phil. Mag. Ann. 10, 206.) Geiseler, by boiling the monobasic 
salt, obtained only 68 per cent, of terbasic sulphate. 



tkO .. 


108 


72 97 


Kane. 
72-98 


SO 3 


40 


27-03 


27-02 











HgO,S0 3 148 .... 100-00 .... 100-00 

c. Acid Salt. 108 pts. [1 At.] of mercuric oxide heated with water 
require 195 pts. [4 At.] oil of vitriol to dissolve them completely. 
(Geiseler.) According to the above-mentioned experiment of Phillips, 
5 atoms of dilute sulphuric acid are required for 1 At. oxide. The solu- 
tion when evaporated, yields crystals, which have not been further 
examined. 

^f. F. MERCUBOSO-MERCXIRIC SULPHATE. Obtained by gently heating 
mercuroso-mercuric nitrate with sulphate of soda. Insoluble in cold water. 
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Hydrochloric acid decomposes it without the aid of heat, and separates 
mercurous chloride. 

Brooke. 



2Hg 2 O 


416 .. 


.. 44-88 


.. 44-45 .... 


44-21 .. 


.. 44-50 


4HgO 


432 .. 


.. 46-58 


.. 46-84 .... 


46-84 .. 


.. 46-26 


2S0 3 


80 .. 


8-54 


8-56 .... 


8-60 .. 

















2Hg 2 O,SO 3 + 4HgO,S0 3 928 .... 100*00 99'85 .... 99'65 

(Brooke, Pogg. 66, 63.) IT 

G-. MERCURIC SULPHOCARBONATE. Hydrosulphocarbonate of ammo- 
nia forms with mercuric salts a yellow precipitate, which changes in the 
course of a few hours, with separation of sulphide of carbon, first to 
orange, and then to greyish black; if quickly dried in vacuo, it is after- 
wards resolved by heat into cinnabar and bisulphide of carbon. (Zeise.) 
Berzelius, by mixing sulphocarbonate of calcium with a mercuric salt, 
obtained a black precipitate, which dissolved in excess of the precipitant, 
and in drying gave off sulphide of carbon, and was converted into black 
sulphide of mercury. 

H. MERCURIC HYPOSULPHOPHOSPHITE. a. Bibasic. 2HgS,PS, 
Formed by heating the compound I in a retort. At first, the compound 
K sublimes, and a dark mass is left, which, at a stronger heat, likewise 
sublimes completely in the form of 2HgS,PS. The latter forms shining 
crystals, of a lighter red than cinnabar, and yielding an orange-yellow 
powder. (Berzelius.) 

6. Monobasic. HgS,PS. Finely pounded cinnabar, heated in the 
bulb-apparatus (V. 26) with protosulphide of phosphorus, absorbs the 
latter, with slight evolution of heat. The excess of sulphide of phos- 
phorus is distilled off in a current of hydrogen gas; if too strong a heat be 
applied, globules of mercury separate out. Closely aggregated, dingy- 
red mass, yielding a brownish yellow powder. When exposed to the 
air, it becomes nearly black and then yields a blackish grey powder. 
(Berzelius, Ann. Pharm. 46, 256). For the decompositions by heat, 
vid. inf. 

I. MERCURIC SULPHOSPHOSPHITE. 2HgS,PS 3 . Kemains in the form 
of a yellowish white body, when HgS,PS is heated in a retort for a long 
time, at a temperature not exceeding the boiling point of sulphur, a black 
mass chiefly consisting of globules of mercury, likewise subliming at the 
same time. The yellowish white substance, when heated till it volatilizes, 
is resolved into H, a, and K. 

2(2HgS,PS 3 )=2HgS,PS + 2HgS,PS 5 . 
(Berzelius, Ann. Pharm. 46, 265.) 

K. MERCURIC SULPHOPHOSPHATE. 2HgS,PS 5 . Formed by sublim- 
ing HgS,PS in a retort at a temperature higher than that required 
for the formation of the sulphophosphite. At first, mercury sublimes 
in the neck of the retort, which must be closed and kept warm ; after- 
wards, the compound K is evolved, and forms a sublimate, crystalline 
throughout its whole mass, and partly consisting of delicate, highly 
lustrous, transparent, pale yellow needles. 2. By heating the sulpho- 
phosphite, whereupon K sublimes before the compound H, a. (Berzelius, 
Ann. Pharm. 46, 279.) 
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L. SULPHATE OF MERCURIC OXIDE WITH PHOSPHIDE OF MERCURY. 
Phosphu retted hydrogen gas passed through an aqueous solution of 
acid mercuric sulphate, produces a heavy yellow precipitate, which' 
soon turns white; it must be washed with cold water, pressed between 
blotting paper, and then dried in vacuo over oil of vitriol. After drying 
it is yellow, but on exposure to the air absorbs water and turns white 
again. When heated in a retort, it makes a slight crackling noise, and 
gives off, first a large quantity of sulphurous acid gas, then vapour of 
mercury, then sulphuric acid vapour, and leaves fused hydrate of phos- 
phoric acid. It dissolves completely in aqua-regia. (H. Rose, Pogg. 40, 75.) 
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Hg 3 P + 2(3HgO,2S0 3 )4Aq. It is therefore a compound of triphosphide 
of mercury with sesquibasic mercuric sulphate, a compound not known 
in the separate state. (H. Rose). Hopkins (Sill. Amer. J. 18, 364) states 
that he has obtained the sesquibasic sulphate in the free state. 

M. SULPHATE OF MERCURIC OXIDE WITH SULPHIDE OF MERCURY. 
Formed when an aqueous solution of acid mercuric sulphate is treated 
with a quantity of sulphuretted hydrogen not sufficient to decompose it 
completely. The white precipitate acquires a yellowish tint by washing. 
(H. Rose). IT. According to Jacobsen (Pogg. 68, 411), the precipitate, 
when washed with cold water, remains white after drying in the water- 
bath, merely exhibiting a faint yellowish tinge on the surface; when 
washed with boiling water, however, it gradually acquires a yellowish 
colour, but undergoes no further change after drying at 100. 

Jacobsen. 
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a was washed with cold, 6 with boiling water. IT 



MERCURY AND SELENIUM. 

A. SELENIDE OF MERCURY. The two substances, when heated 
together, combine without emission of light. a. When excess of mercury 
is used and the uncombined portion distilled off, there remains a solid, 
tin-white compound, which, at a high temperature, sublimes in metal- 
shining lamina), without previously fusing. b. When mercury is heated 
with excess of selenium, a portion of the latter element sublimes at first, 
then a grey, less distinctly crystalline substance, which is either a perse- 
lenide of mercury, or a mixture of the compound a with free selenium; 
and lastly a sublimate of a is formed. Selenide of mercury dissolves 
readily in cold aqua-regia, forming a solution of mercuric selenite ; by 
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continued boiling with nitric acid, it is converted into mercurous seleniu 
which presents the appearance of a white powder, whilst a small portion 
of selenious acid remains dissolved in the nitric acid. (Berzelius.) 

B. SELENTTE OF MERCOROUS OXIDE, or MERCUROUS SELENITE. 
Selenious acid and alkaline selenites give a precipitate with mercurous 
nitrate. White powder; when heated, it fuses into a dark brown sub- 
stance, which becomes lemon-yellow on cooling; at a stronger heat, it 
boils, and passes over in brown drops, which become amber-yellow and 
mostly transparent on cooling. Hydrochloric acid converts it into proto- 
chloride of mercury, the selenious acid being partly reduced to the state 
of free selenium, and partly remaining dissolved in the liquid. The salt 
gives up all its acid to caustic potash. It is not soluble either in water 
or in aqueous selenious acid. (Berzelius.) 

C. SELENITE OP MERCURIC OXIDE, or MERCURIC SELENITE. 
a. Monoselenite. Formed by double decomposition, or by bringing mercuric 
oxide in contact with aqueous selenions acid. White powder, insoluble 
or very slightly soluble in water. 

b. Biselenite. Formed by adding mercuric oxide to aqueous selenious 
acid, till the monobasic salt begins to separate out then filtering and 
evaporating. Large prisms, longitudinally striated, having the taste of 
corrosive sublimate ; they contain a large quantity of water. The crys- 
tallized salt fuses in its water of crystallization when heated, then 
solidifies, and finally sublimes unaltered. Easily soluble in water, very 
slightly in alcohol; the aqueous solution is not precipitated by ammonia, 
and very slowly by alkaline carbonates ; potash also throws down only 
part of the oxide. Sulphurous acid precipitates white mercnrous selenite, 
which soon acquires a scarlet colour, from the presence of reduced 
selenium. (Berzelius.) 

D. SULPIIOSELENIDE or MERCURY. Massive, granular, soft, of 
blackish lead-grey colour inclining to steel-grey, like Fahl-ore ; it yields 
a black powder. May be completely sublimed in the form of a black 
crystalline powder. When ignited with carbonate of soda, it yields 
metallic mercury. Burns with a blue flame. Fuses immediately on 
charcoal, emitting white vapours, having an odour of sulphurous acid at 
first, but afterwards that of selenium, and leaves on the charcoal a white 
incrustation, which, by continued blowing, is converted into white crys- 
talline mercuric selenitic. Imparts a flesh colour to borax. Chlorine gas has 
no action on it in the cold, but, on the application of heat, easily converts 
it into chloride of sulphur, chloride of selenium, and chloride of mercury. 
By hydrochloric acid, and even by cold nitric acid, it is but slightly if 
at all affected; but cold aqua-regia attacks it very quickly, separating 
cochineal-coloured flakes of sulphide of selenium, which fuse together 
into drops when heated. (&astn. Arch. 14, 127; H. Rose, 46, 315.) 
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MERCURY AND IODINE,. 

A. DINIODIDE OP MEBCURY, or MERCTTROUS IODIDE. -Protoiodure de 
Mercure. Preparation. 1. By triturating 2 At. mercury with 1 At. 
iodine: it is best to add a little alcohol 200 parts of mercury triturated 
with 126 of iodine yield a reddish mixture, which, on the addition of a 
small quantity of alcohol (which dissolves the iodine and transfers it to 
the mercury), assumes a yellowish colour, the mercury and iodine quickly 
disappearing. (Berthemot, J. Pkarm. 17, 456.) Even when only 124 
parts of iodine are taken with 200 of mercury, and rubhed up with a small 
quantity of alcohol, the greenish-yellow mixture still contains protiodide 
of mercury, which may be dissolved out by alcohol. 200 parts of mer- 
cury triturated with only 100 parts of iodine yield a darker, grass-green 
iodide. (Berthemot, N. J. Pliarm. 4, 36.) Boiling alcohol extracts a 
small quantity of mercuric iodide, even from the preparation made with 
200 parts of mercury and 100 of iodine, but less than when higher pro- 
portions of iodine are used. (Soubeiran, Ibid.) If water be added to the 
mixture instead of alcohol, the mercury and iodine combine slowly in the 
cold, but quickly when heated, forming a brown-red powder, which soon 
turns yellowish-green on being triturated with alcohol. When 200 parts 
of mercury are triturated with 125 parts of somewhat moist iodine, with- 
out further addition, the mixture becomes heated in consequence of the 
combination which ensues, so that the mass liquefies, with evolution of 
iodine vapours, and afterwards solidifies in the form of a brown-red slag, 
which is difficult to pulverize by itself, but, on the addition of alcohol, is 
soon converted into a yellowish-green powder, (Silber, N. Br. Arch. 
28, 62.) 2. By triturating 1 At. protiodide of mercury with 1 atom of 
metallic mercury. Berthemot recommends 226 pts. protiodide to 100'6 
mercury, with the addition of a little alcohol. 3. By decomposing mer- 
curous nitrate, or, better, dichloride of mercury or mercurous acetate with 
hydriodic acid, or, better, with iodide of potassium : 



Since mercurous nitrate is not soluble in water, except through the 
mediuin of a certain, excess of acid, and since this excess remains 
uncombined unless the iodide of potassium contains caustic potash or 
carbonate of potash, an oxidizing action will be thereby exerted, and, if 
the liquid be not quickly filtered, the diniodide of mercury will be con- 
verted into protiodide, the admixture of which will change the colour of 
the precipitate from green to yellow. This effect is produced in a still 
greater degree when hydriodic acid is used, for the whole of the nitric 
acid is then set free. The mercurous nitrate is likewise frequently con- 
taminated ^with mercuric nitrate, which immediately gives a precipitate 
of protiodide. The liquids must be mixed in equivalent proportion, 
because an ^excess of iodide of potassium converts a portion of the pre- 
cipitated diniodide of mercury into protiodide, which dissolves, and 
metallic mercury, which remains mixed with the precipitate; but a slight 
excess of iodide of potassium is useful to dissolve the protiodide of mer- 
cury formed by the nitric acid, and thereby restore the green colour of 
the precipitate. (Inglis, N. E. Henry, 2T J. Pharm. 13, 40; Berthemot; 
Boullay.) Dichloride of mercury triturated with aqueous iodide of 
potassium yields pure green diniodide of mercury. (Inglis, Phil. Maq. J. 
8, 17.) Hg'Cl + KI = Hg'I + KC1. The two compounds must be mixed 
m the exact stoichiometric proportions of 235'4 Hg 2 Ci to 165-2 KI; for an 
excess oi calomel would remain undecomposed and mix with the mercurous 
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iodide, and an excess of iodide of potassium would separate metallic mt 
cury. The solution of mercurous acetate in cold water yields, with iodide 
of potassium, a green precipitate of pure mercurous iodide (P. Boullay) ; 
but tLe mercurous acetate is but sparingly soluble in cold water; and hot 
water partially decomposes it into mercuric acetate, which dissolves, and 
metallic mercury, which is separated. It is best, therefore, to triturate 
crystallized mercurous acetate in the cold with aqueous iodide of potas- 
sium, whereby a greenish-black powder is first produced, and afterwards 
a fine yellowish-green powder; it is apt, however, to be mixed with 
undecomposed mercurous acetate, which cannot be extracted by cold 
water, and is resolved by hot water into mercuric acetate and metallic 
mercury the latter remaining mixed with the mercurous iodide. (Ber- 
themot.) [If exactly 259 pts. (1 At.) of mercurous acetate are used 
with 165-2 pts. (1 At.) of iodide of potassium, and left to act for some 
time, this admixture of mercurous acetate in the product need not be 
feared.] Protiodide of iron is likewise recommended instead of iodide of 
potassium for preparing the diniodide of mercury. The green precipitate 
obtained by either of these methods is washed with hot water and dried 
in the shade. 

Properties. Green powder (Inglis); dark green, according to Boullay; 
yellowish-green, according to Berthemot. Sp. gr. of the powder dried by 
a strong beat, 7'6645 (Karsten); 7*75 (Boullay). 

2Hg 200 61-35 

I 126 38-65 



Hg-1 326 100-00 

Diniodide of mercury, when exposed to light, becomes dark green and 
black. The darkening of colour takes place only when the compound is 
moist, in which case no free iodine is evolved, but hydriodic acid; pro- 
bably, therefore, mercurous oxide becomes mixed with the residue. (Artus, 
J. pr. Ckem. 8, 63.) When kept for a few weeks in vessels containing 
air, even though quite impervious to light, the diniodide of mercury is 
resolved into metallic mercury and protiodide, which forms dendritic 
excrescences; the decomposition does not take place underwater. (Inglis.) 
When sublimed, it is resolved into metallic mercury, which collects at 
the top, and a greenish-yellow sublimate, consisting of Hg 4 P, which 
settles below it. (Laboure, N. J. Pkarm. 4, 329.) When immersed in 
solution of protocnlorido of tin, it gradually turns greenish-black, then 
black, and lastly slate-grey, in consequence of stannic oxide becoming 
mixed in considerable quantity with the black powder. (Labour^.) It 
dissolves in ammonia, leaving a grey residue [of mercury'?]. (Wittstoin, 
Eepert. 63, 322.) With aqueous hydriodic acid or iodido of potassium, 
it is resolved into protiodide of mercury which dissolves, and metallic 
mercury which remains behind. A similar action is produced at a 
boiling heat by the aqueous iodides of sodium, barium, calcium, mag- 
nesium, and zinc. (P. Boullay; Laboure.) Boiling hydrochloric acid 
exhibits the same action, though very slowly ; moreover, it requires 
frequent renewal. (Boullay.) The boiling solution of sal-ammoniiic or 
common salt, likewise takes up a small quantity of protiodide of mercury, 
and separates metallic mercury. (Boullay.) The iodide is converted into 
chloride, and thereby dissolved. (Mialhe.) Diniodide of mercury dis- 
solves in more than 2375 parts of water (Saladin, J. Chim. mcd. 7, 530), 
but not in alcohol. 

D 2 
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B. THREE-FOURTHS IODIDE or MERCURY, or MERCUROSO-MERCURIC 
IODIDE. This yellow compound was formerly taken by Gay-Lussac, 
Colin, and others, for diniodide of mercury, till Inglis, Boullay, and 
others, showed that it is richer in iodine. Preparation. 1. By precipi- 
tating a solution of mercurous nitrate with hydriodic acid or iodide of 
potassium, and not collecting the precipitate on the filter till the green 
colour has changed to yellow. "2. By dissolving in aqueous iodide of 
potassium half the quantity of iodine which it already contains, and 
adding that solution to a solution of mercurous nitrate. The precipitate 
first formed consists of red iodide of mercury, but it turns yellow on 
agitation. If too much of the solution of iodide of potassium containing 
excess of iodide has been added, the precipitate remains mixed with prot- 
iodide of mercury, which, however, may be readily dissolved out by 
alcohol. (P. Boullay.) 

Yellow- powder, which turns red whenever it is heated. (Colin.) 
May be fused, and sublimes undecomposed on a sudden application of 
heat. (Colin.) Acquires a dark carmine tint wlieu heated, and after wards 
sublimes in dark, carmine-coloured crystals, which again turn yellow on 
cooling. (Inglis.) 

Boullay. 

4Hg 400 .... 51-41 .... 51-9 

31 378 .... 48-59 .... 48'1 

Hg 4 ! 3 778 Z 100-00 Z 100-0 

Becomes dark and greenish when exposed to light. (Colin, Inglis.) 
If exposed to light under water, it forms a few small cubes of mercuric 
iodide. In the dark, it remains undecomposed. (Inglis.) Aqueous 
hydriodic acid, and the aqueous compounds of iodine with the alkali- 
metals, magnesium, and zinc, abstract mercuric iodide from it at first, and 
convert it into green mercurous iodide, which is then dissolved, with 
separation of mercury. (Boullay.) Alcohol extracts no mercuric iodide 
from the yellow compound a proof that it is not a mere mixture of 
mercurous and mercuric iodide. (Boullay.) 

C. PROTIODIDE OF MERCURY, or MERCURIC Ioj>ivE.--Deuto-wdure 
de Mercure. Del Rio (Schw. 51, 253) attributes this composition to a 
mineral found in Mexico, resembling cinnabar, but having a lighter 
streak. It forms a magnificent water-colour, known by the name of 
scarlet, which, however, fades very quickly when exposed to light, and at 
the same time destroys the colour of vermilion which may be mixed 
with it. It is likewise used in calico-printing. 

Formation. 1. When 1 At. mercury is triturated with 1 At. iodine. 
IT According to Mohr (Arch. Pharm. [2], 55, 29), iodine and mercury, 
when triturated together in exact equivalent proportion, do not unite 
completely in the form of mercuric iodide; but the resulting mass con- 
tains free iodine, which escapes when the product is dried over the water- 
bath, and mercurous iodide, which, when sublimed, is resolved into mer- 
curic iodide and metallic mercury, IT 2. When a mercuric salt is preci- 
pitated by hydriodic acid or a dissolved metallic iodide, such as iodide of 
potassium or iodide of iron : 

HgO,N0 5 + KI = Hgl + KO,N0 5 . 
Or : HgCl + KI = Hgl + KC1. 

3. When iodine is triturated with mercurous oxide and water, or with 
solution of mercurous nitrate, mercuric oxide being formed at the same 
time ; or when iodine is triturated with mercuric nitrate : 
Hg-O + I = 
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4. When iodine is triturated with mercuric oxide and water, a large 
quantity of [oxygen] gas-bubbles being given off at the same time. (Vau- 
quelin.) Rammelsberg, on the contrary (Poyg. 48, 182), on boiling 
mercuric oxide with iodine and water, obtained a solution of mercuric 
iodide mixed with iodate. 5. When iodine is triturated with mercuric 
nitrate _ -whereupon no gas is evolved, and a pale precipitate containing 
oxygen is obtained. (Vauquelin.) It is probable that mercuric iodate 
becomes mixed with the iodide in this process : 

,I0 5 + 6NO 5 . 



6. When iodine is triturated with dichloride of mercury and with water, 
which takes up the protochloride of mercury produced in the process. 
(Landerer.) 7. When iodine is triturated with cyanide of mercury, 
iodide of cyanogen being formed at the same time. 8. When diniodide 
of mercury is brought in contact with iodine or its aqueous solution. 
9. When diniodide of mercury is triturated and heated with water and 
teriodide of arsenic, the action being attended with reduction of arsenic. 
(Soubeiran, J. Pharm, 27, 744.) 

Preparation. 1. By triturating 1 At. mercury with 1 At. iodine, the 
mixture being moistened with water or alcohol. 100 parts of mercury 
triturated with 124'7 parts of iodine, and frequently moistened with a 
very small quantity of alcohol, yields a red mixture, the colour of which 
is inferior to that obtained by (2); if too much alcohol is used, the combi- 
nation is attended with a rise of temperature, which causes the mass to 
fuse, and the iodine to evaporate. (Berthemot, J. l^harin. 17, 450.) 
IT Dublanc (N. J. Pharm. 15, 64) pours a kilogramme of alcohol on 100 
grammes of mercury, and adds 1^4 grammes of iodine in successive por- 
tions of 10 grammes each, agitating after each addition till the alcohol 
becomes perfectly colourless; after the addition of the last 4 grammes, 
the alcohol remains coloured, because the whole of the mercury is then 
converted into iodide. The preparation is washed with alcohol; it is 
crystalline, and of a hyacinth-red colour. *fl~ 2. By precipitating au 
aqueous solution of mercuric nitrate or chloride with hydriodic acid, 
iodide of potassium, or protiodide of iron, and washing the precipitate 
with water. Unless the materials are mixed in exactly equivalent pro- 
portions, part of the iodide of mercury remains dissolved in tho excess of 
the mercuric salt, or of the iodide of potassium. (Boullay.) 

Properties. Protiodide of mercury is dimorphous, its form varying 
with the temperature, 

a. Red modification. Both the preceding modes of preparation yield 
the compound in the form of a scarlet powder. By dissolving this 
powder to saturation in a boiling, moderately-dilute solution of iodide of 
potassium, and leaving it to cool (Boullay, Mitscherlich) or in boiling 
aqueous iodide of zinc, and evaporating in vacuo (Inglis) or by dissolving 
iodine to saturation in solution of mercuric nitrate, keeping the liquid 
boiling all the while, and replacing the water as it evaporates, and 
leaving the solution to cool, the mercuric iodide is obtained in definite 
crystals. Crystalline system, the square prismatic. Acute square -based 
octohedrons (Fig. 21), but always with truncated summits: e : $ = 141; 
p : c = 109 30'. (Mitscherlich, Pogg. 28, 1 17.) According to this state- 
ment, the cubes and prisms observed by Boullay and Inglis must be 
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regarded as square prisms of different lengths. Specific gravity, 6-2009 
(Karsten), 6320 (Boullay). Fuses readily into a dark amber-ye 1 low 
liquid (Warington), which on cooling solidifies in a yellow crystal me 
mass, in which the iodide of mercury has assumed rtae form b; this when 
cooled to a lower temperature, resumes its bright red colop, not , gra- 
dually but suddenly; individual crystals which have remained yellow 
even after perfect cooling, immediately turn red on touching ; therr i with 
the fingers" or agitating the paper on which they lie. (Mitscherhch ) 
According to Mather (Sill. Amer. J. 27, 263), the fused mass immediately 
after solidification, exhibits a red colour, which afterwards turns yellow 
and remains so, but is immediately reddened by contact with potasn- cy. 
It volatilizes easily without decomposition, and sublimes in yellow- 
crystals, b; by very careful heating, red square-based octohedrons may 
likewise be sublimed, together with the yellow crystals. (Warington.) 

b. Yellow modification. Produced from a by fusion and cooling, or 
by sublimation; but the crystals pass suddenly into the yellow modifica- 
tion even at a heat at which they neither fuse nor sublime. (Mitscher- 
lich.) "When mercuric salts are precipitated by iodide of potassium, the 
modification b is likewise thrown down in the form of a yellow powder, 
which afterwards changes into the scarlet variety a. The precipitate 
obtained with chloride of mercury, appears at first, when examined by. the 
microscope, to be composed of rhombic laminse, which are colourless by 
transmitted, and yellow by reflected, light; these, however, gradually alter 
in form by truncation of the edges and corners, as if they were dissolving-, 
their dimensions being thereby continually reduced until they ultimately 
disappear, and red, square-based octohedrons are produced in their place. 
(Warington, Phil. Mag. J. 21, 192.) Crystalline system the right 
prismatic (Fig. 63); u\u f =114. (Mitscherlich.) The prisms jiro 
shortened into tables; (according to Frankenheim, they belong to tho 
oblique prismatic system). Colour, lemon-yellow. At ordinary tempera- 
tures, the yellow crystals are converted into the red by very slight causes. 
[Compare the observations of Hayes and Frankenheim (1. 100).] If one of 
the rhombic laminae be observed under the microscope while it is turning 
red, it will be found that the red colouring progresses by sudden starts, 
and is always bounded by a line parallel either to a lateral face or to a 
diagonal. (Warington, Phil. Mag, J. 21, 192.) 

Vol. Sp. gr. 

Hg 100 .... 44-25 Vapour of mercury 1 .... (MHJOO 

I 126 .... 55-75 Vapour of iodine 1 .... 8'7,'5M> 

Hgl 226 ....100-00 Vapour of mercuric iodide 1 .... 15-GG5G 

^Potassium triturated with iodide of mercury abstracts the iodine, the 
action being attended with evolution of light and heat. (Rammolsbcrg, 
Pogg. 48, 180.) Many of the heavy metals, either alone or with tho aid 
of water, withdraw all or half the iodine; and the resulting metallic iodide 
sometimes unites with part of the iodide of mercury, forming an iodine- 
salt. When mercuric iodide is heated and triturated with different metals 
and water, the following results are obtained ;Zwe: great evolution of 
heat, with formation of iodide of zinc and zinc-amalgam. Cadmium : 
decomposition, attended with formation of iodide of mercury and cadmium. 
Tin: decomposition takes place slowly, after half an hour's boiling tin- 
amalgam forms, and stannic oxide is precipitated (in consequence ofacccss 
ol air), but the liquid still contains undecomposed protiodide of mercury 
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besides protiodide of tin. "Iron : diniodide of mercury; is first pro* 
with slight rise of temperature; afterwards, especially if bf at . .?* 
metallic mercury separates, while protiodide of iron, together wiui 
tain quantity of undecomposed protiodide of mercury, diasolvea i 
liquid. Copper : diniodide of mercury is first formed; then, u 
boiling, metallic mercury separates, together with diniodide o 
Lead or Silver ; diniodide of mercury, together with iodide oi 
iodide of silver Bismuth or Antimony, finely pounded and be 
water; the liquid contains acid hydriodate of bismuth-oxide or I 
oxide, with a small quantity of iodide of mercury. (Berthemot, * 
14,610.) Protiodide of mercury immersed in aqueous protocl: 
tin is decomposed, and continues to part with its iodine Lecou 
yellowish-red, then yellow (Hg 4 ! 3 ), then greenish-yellow, tin 
(Hg 2 I), till it is ultimately concerted into a mixture of metallic 
and stannic oxide. (Laboure.) Mercuric iodide yields ^ with 
ammonia a brown powder and a yellow liquid, which deposits sn< 
flakes (Bottger, /. pr. CJiem. 8, 481); when immersed in ami 
turns white, and afterwards brown-red when heated. (Wittsteii 
63, 322.) Fixed alkalis, in the state of solution, separate morou 
from the iodide (or if very dilute, a compound of the oxido and 
JRammelsberg}, and form a soluble compound of iodide of mo rev ^ 
the iodide of the alkali-metal. When mercuric iodide IK boiled 
aqueous potash, mercuric oxide separates out, and there JH formal 
ellowish solution of iodide of mercury and iodido of potit 
4HgI + KO=HgO + KI,3HgI], which, on cooling, first doponitH 
and then greenish-yellow needles of KI, 2HgI. Alcoholic potanh iwfn In 
the same manner, but still more easily. Soda, baryta, and Htroiiltfi 
behave in a similar manner, and yield iodine-salts. Lime also prcidtirutf 
a similar effect, when boiled with alcohol; but if water ho Huhtitut<*l f'r 
the alcohol, no decomposition takes place. Similarly, carbonate? of |>ot;ii*li 
or soda does not decompose mercuric iodide, when boiled with it in witf t*r 
but when alcohol is used, the decomposition is produced ; tbo al*lil 
appears to favour the action by its solvent power 1 . Miij^inj.sla, mrbonaf o 
of magnesia, and alumina produce no decomposition in tbo hunii<l xvay. 
(Berthemot, J. Pharm. 14, 186.) Mercuric iodido diswolvo.s in ri*|uriin 
chloride of lime, when the solution is heated, and aw it botfitiN to !i**II 
deposits basic periodate of lime in the form of a whito j<*lly, whih? jril i* - 
chloride of mercury dissolves in the liquid. (RammelsboY#, -/*<'//// '' fV? J ^.) 
When chlorine gas is passed through water in wlii cli iodido of m<*rrury if* 
diffused, a bright yellow solution is formed, containing ]>rotoelilorilu *f 
mercury and terchloride of iodine. (Filhol.) 

Protiodide of mercury is very sparingly soluble in \vutor. Tin* iHlii- 
tion, left to evaporate freely, deposits brownish, niicroHcopic, lurut.o, ?Ix 
sided crystals, and obtuse rhombohedrons, probably consiHtin^ of mnrruriV 
oxide. (Saladin, J. Ckim. mcd. 7, 530.) It dissolves in many ucjtirnu:* 
acids, viz., in hydriodic and hydrochloric acid; also in many ammonia**;!.) 
salts, and in aqueous chloride of potassium. It dissolves cotnplc*ti! y in 
hot aqueous carbonate or sulphate of ammonia, and even in cold livdn* 
chlorate or succinate of ammonia (Wittsteinj; also in cold nil rait* of 
ammonia. (Brett.) The solution in hot sal-ammoniac dcpoHit.s ym.rt <f tli 
mercuric iodide in needles as it cools, and the rest wh<m diluted witli 
water. On boiling with sal-ammoniac and alcohol, a solution IN ohfanii'*! 
which deposits nothing on cooling, but yields crystals of morcuric toi2ilii 
when evaporated, and is precipitated by water. (Bottgor.) 228 
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(1 At.) of mercuric iodide dissolve in a hot, saturated, aqueous solution of 
387 pts. (5 At.; 5. 74*6 = 373) of chloride of potassium; during the 
cooling of the solution (which is precipitated yellow by water), the greater 
part of the iodide of mercury separates out in crystals, which are yellow at 
first, but soon turn red; the mother- liquid, when diluted with water, still 
deposits a small quantity of mercuric iodide, so that the filtrate is but 
slightly browned by an alkaline hydrosulphate. A similar reaction is 
produced by sal-ammoniac. (P. Boullay, Ann. Chim. Phys. 34, 364.) 
Protiodide of mercury likewise dissolves in aqueous hydrochlorate, 
nitrate, or acetate of mercuric oxide in aqueous solutions of the metallic 
iodides, with which it forms iodine-salts, the compounds which BonsdorfF 
calls lodo-hydrargyrates in hot alcohol, from which it crystallizes on 
cooling and sparingly in ether. 

D. MERCURIC OXY-IODIDE. 3HgO,HgI. 1. Formed by fusing 3 At. 
mercuric oxide with 1 At. mercuric iodide. 2. Mercuric iodide heated 
with dilute potash leaves a small quantity of a yellowish-brown powder, 
consisting of mercuric oxy-iodide, generally mixed with mercuric oxide. 
This powder, if exposed to a current of ammoniacal gas, after being dried 
at 120, gives off water and yields a red-brown compound = Hg,NH 2 ,HgI, 
2HgO. (Rammelsberg, Pogg. 48, 182.) 

SHgO.Hgl + NH 3 = HgNH 2 ,HgI,2HgO + HO. 

E. IODIDE OF MERCURY AND HYDROGEN, or ACID HYDRIODATE OF 
MERCURIC OXIDE. 1. The concentrated aqueous solution of 127 pts. 
(1 At.) hydriodic acid dissolves, when heated, 456 pts. (2 At.; 2 .226 = 452) 
of mercuric iodide. Of this quantity it deposits, on dilution with water, 
228 pts. (1 At.), so that 228 pts. (1 At.) of mercuric iodide remain dis- 
solved in the hydriodic acid. If the heated solution be left to cool without 
the addition of water, mercuric iodide crystallizes out first, and subse- 
quently the liquid deposits yellow transparent needles. The mother- 
liquid, on dilution with water, deposits an additional quantity of mercuric 
iodide. The same needles are obtained by dissolving iodide of mercury in, 
warm aqueous hydriodic acid, and evaporating the solution in dry, and 
somewhat rarefied air. In warm dry air, they give off hydriodic acid, 
and are converted into red iodide of mercury. Water separates red iodide 
of mercury from them, taking up the hydriodic acid in combination with 
a small quantity of iodide of mercury. Hence the needles arc resolved, 
even in common air, into iodide of mercury and aqueous hydriodic acid 
(still containing iodide of mercury). (P. Boullay, Ann. Chim. Phys. 34, 
340.) [Probably the crystals, like the saturated, concentrated solution, 
are composed of 2HgI,HI, or, if they contain water, of 2HgO,3HI. 
Boullay gives another formula.] 

Biniodide of Mercury, HgP, is said by Hunt (Phil Mag. J. 12, 27; 
also J pr. Chem. 14, 120) to be obtained by precipitating aqueous proto- 
chlonde^of mercury with aqueous iodide of potassium, previously satu- 
rated with iodine. The purple-brown precipitate, which contains 27'9 
parts of mercury to 72-1 of iodine, is converted into red iodide of mercury 
by heat or by exposure to the air, &c. [Probably a mere mixture of 
mercuric iodide with iodine.] 

F. IODATE OF MERCUROUS OXIDE, OR MERCUROUS loDATE.-Iodic 
acid or lodate of potash forms with dissolved mercurous nitrate, a white 
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precipitate having a pearly lustre. (Vauquelin.) If tlie mercurial solution. 
does not contain too much free acid, the mercury is completely preci- 
pitated by an equivalent quantity of iodate of soda. (Rammelsberg.) 
The salt is anhydrous and volatilizes completely when heated, being 
resolved into mercuric iodide, metallic mercury (mercuric oxide : Lefort), 
and oxygen gas (Eammelsberg, Pogg. 44, 570) : 



It dissolves easily and completely in dilute hydrochloric acid, giving rise 
to an evolution of chlorine (Rammelsberg); according to Lefort (^V. J. 
Phatm. 8, 5), it is converted into chloride of iodine, protochloride of 
mercury, and free chlorine. Ammonia added to the hydrochloric acid 
solution forms a precipitate of iodide of nitrogen. It dissolves, but not 
very freely, in nitric acid (Rammelsberg), being thereby converted into 
the mercuric salt (Lefort). It is soluble in iodic acid, and to a very 
slight degree in water. (Pleischl.) 

G. IODATE OF MERCURIC OXIDE, or MERCURIC IODATE. Iodic acid 
and iodate of potash or soda give no precipitate with mercuric salts. 
(Pleischl, Rammelsberg.) If mercuric oxide precipitated by potash and 
then washed, be heated, while yet in the moist state, with aqueous 
hydriodic acid, it does not dissolve, but is quickly converted into 
white, pulverulent mercuric iodate. The oxide prepared by ignition 
is not affected by iodic acid. The salt is anhydrous, and when 
heated, gives off oxygen and is completely converted into protiodide 
of mercury. With hydrochloric acid, it behaves in the same manner 
as the mercurous salt. Stannous sulphate added to the solution throws 
down red iodide of mercury, which is then converted into the yellow 
modification. (Ra-mmelsberg, Pogg. 44, 570.) 

Rammelsberg. 

HgO 108 .... 39*42 .... 39'83 

IO 5 166 .... 60*58 .... 60*17 

HgO, TO 5 274 .... 100*00 ... 100-00 

H and I. MERCUROUS and MERCURIC PERIODATES. Periodate of 
soda forms with mercurous nitrate a yellow precipitate, which, when 
gently heated, gives off water and assumes a brown-red colour; with 
mercuric nitrate, the same reagent gives a white precipitate which 
becomes yellowish when heated. Both these precipitates are easily 
soluble in dilute nitric acid. (Benckiser, Ann. Pharm. 17, 259.) 

K. MERCURIC IODO-SULPHIDE. HgS ; HgI. -When protiodide of mer- 
cury is digested for a considerable time with a quantity of sulphuretted 
hydrogen water, not sufficient for its complete decomposition, a yellow 
powder is obtained, which, on account of its lightness, may easily be 
separated from the undecoraposed iodide by levigation; when heated, 
it first yields a sublimate of mercuric iodide and then of mercuric sul- 
phide. (H. Rose). 2. From a solution of mercuric oxide and mercuric 
iodide in hydrochloric acid, a small quantity of sulphuretted hydrogen 
throws down an orange-yellow precipitate of iodo-sulphide of mercury, 
which, by a larger quantity of sulphuretted hydrogen, is converted 
into black mercuric sulphide. (Rammelsberg, Pogg. 48, 175.) 

L. MERCURIC IODO-SULPHATE, HgI + HgO,S0 3 . Formed, with evo- 
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lution of sulphurous acid, when diniodide of mercury is heated with 
sulphuric acid; it crystallizes out as the liquid cools : 

Hg 2 I + 2SO 3 = Hgl + HgO,S0 3 + SO 2 . 

If protiodide of mercury be used_, vapours of iodine are given off at 
the same time. The crystals may he washed with strong alcohol 
without decomposition, but water decomposes them. When heated,, 
they are resolved into mercuric iodide, which sublimes., and mercuric 
sulphate/ which remains behind. (Souville, J. Pharm. 26, 174.) 

MERCURY AND BROMINE. 

A. DIBROMIDE OF MERCURY, or MERCUROUS BROMIDE.!. Formed 
by subliming an intimate mixture of 1 At. mercury and 1 At. proto- 
bromide of mercury. (Lowig.) 2. By precipitating mercurous nitrate 
with aqueous bromide of potassium. (Balard.) When prepared by the 
first process, it forms a fibrous mass (Lowig) ; long needles which are 
yellow while hot, but become whitish on cooling. (0. Henry, J. Pkarm. 
15, 56.) By (2): white powder (Balard); yellowish white flakes. 
(0. Henry.) Specific gravity, 7'307. (Karsten.) Fusible (0. Henry); 
volatilizes undecomposecl at a low red heat. (Lowig.) Tasteless and 
inodorous. 

Vol. Sp. gr. 

2Hg 200-0 .... 71'84 Vapour of mercury 1 .... 6*9300 

Br 78-4 .... 28-16 Vapour of bromine .... 2-7177 

Hg 2 Br .... 278-4' ....100*00 Vapour of mercurous bromide 1 .... 9'6477 

When heated with phosphorus, it is resolved into bromide of phos- 
phorus and phosphide of mercury. (Lowig.) Treated with cold aqueous 
ammonia, and then washed with water containing ammonia, it leaves a 
grey powder, which, contains globules of mercury; and when heated, gives 
off ammonia, and yields a sublimate of mercury, dibromide, and proto- 
"bromide of mercury. (Rammelsberg.) With caustic potash, it yields 
mercurous oxide and bromide of potassium. When boiled with aqueous 
bydrobromate or hydrochlorate of ammonia, it yields a solution of proto- 
brornide of mercury, with a residue of metallic mercury. (Lowig.) It is 
not perceptibly soluble in cold carbonate, hydrochlorate, or succinate of 
ammonia; while the same liquids, when hot, dissolve it with tolerable 
facility, leaving, however, a grey pulverulent residue [metallic mercury] ; 
it is not perceptibly soluble in sulphate of nitrate of ammonia, even at a 
boiling heat. (Wittstein.) 

^ B. PROTOBROMIDE or MERCURY, or MERCURIC BROMIDE. 1 . Mercury 
unites with bromine at ordinary temperatures, the combination beino- 

attended with evolution of heat, but not of light. (Balard.) 2. The same 

compound is formed by agitating mercury with water, adding bromine as 
long as its colour is destroyed, then boiling, filtering, and leavino- the 
solution to crystallize. 3. By dissolving mercuric oxide in hot aqueous 
nydrobromic acid, and leaving the solution to crystallize. 4. By sublimino- 
mercuric sulphate with bromide of potassium. (Lowig.) The sublimate 
contains also dibromide of mercury. (0. Henry.) 5. By mixing aqueous 
mercuric nitrate with bromide of potassium, evaporating as long as bromide 
of mercury crystallizes out, and purifying the product by solution in 
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alcohol. The mother-liquid evaporated to dryness leaves a residue, from 
which boiling alcohol still extracts a small quantity of the compound. 
(Lowig.) Crystallizes from the aqueous solution in soft, silvery lamina; 
from the alcoholic solution in white needles. (Lowig.). The product 
obtained by (5) has, after drying at a strong heat, a specific gravity of 
5*9202. (Karsten.) Fuses when heated (Lowig), and sublimes. (Balard, 
Lowig.) Its aqueous solution reddens litmus, (v. Bonsdorff.) 

Vol. Sp. gr. 

Hg J.00'0 .... 56'05 Vapour of mercury 1 .... 6'9300 

Br 78-4 .... 43-95 Vapour of bromine 1 .... 5'4355 

HgBr .... 178'4 .... 100-00 Vapour of mercuric bromide.... 1 .... 12-3655 

With phosphorus it forms bromide of phosphorus. Heated with 
antimony o'r arsenic, it gives up its bromine. Its aqueous solution 
exposed to sun-light, or placed in contact with mercury or copper, or 
mixed with dibromide of copper dissolved in hydrobromic acid, deposits 
dibromide of mercury. (Lowig.) With a small quantity of sulphuretted 
hydrogen, it yields a white, and with a larger quantity, a black precipitate. If 

(H. Rose.) With ammonia it forms a white, with fixed alkalis a yellow 
precipitate. (Lowig.) Hypochlorite of soda added to the solution throws 
down mercuric oxychloride (Rammelsberg); and hypochlorous acid con- 
verts protobromide of mercury into protochloride of mercury and bromate 
of mercuric oxide, the action being attended with evolution of chlorine 
and bromine. (Balard.) Heated with nitric acid or oil of vitriol, it gives 
off vapour of bromine. (Balard.) According to H. Rose (Analyt. Chem.), 
it is not decomposed by oil of vitriol. Dissolves in 94 parts of water at 9 
(Lassaigne, J. Chim. med. 12, 171), and in 4 or 5 parts of boiling water, 
the greater part separating out again as the liquid cools. Combines with 

basic metallic bromides, f : ~~ *i- i-i-i- *--- " 

Bonsdorff calls Bromo-h/yd. 

reddening litmus. (Bonsdorfr.; it uiooujLvea \*. 

still more easily in ether. (Balard.) 

C. MERCURIC OXYBROMIDB. 1. The solution obtained by boiling 
protobromide and protoxide of mercury with water deposits this com- 
pound on cooling. (Lowig.) 2. It is also obtained by mixing aqueous 
bromide of mercury with less than an equivalent quantity of potash, 
and boiling the liquid with the precipitated oxide. (Lowig.) 3. By 
precipitating aqueous bromide of mercury with carbonate of soda. 
(Rammelsberg.) By (1) and (2) : lemon-yellow, crystalline powder, 
which separates from the aqueous solution in yellow spiculso (Lowig); 
by (3) : dark brown powder. (Rammelsberg, Pogg. 55, 248.) 

Rammelsberg. 

4Hg 400-0 .... 79-62 .... 80-05 

Br 78-4 .... 15-61 

3O 24-0 .... 4-77 



HgBr, 3HgO .... 502-4 .... 100-00 

At a gentle heat, it is resolved into oxygen gas, a sublimate of dibro- 
mide and protobromide of mercury, and a residue of mercuric oxide. 
(Lowig.) When heated, it yields oxygen gas and a sublimate consisting 
of metallic mercury and protobromide. By boiling potash, it is wholly 
converted into pure mercuric oxide. (Lowig.) Docs not change in appear- 
ance when boiled with potash. (Rammelsberg.) Nitric acid dissolves out 
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the oxide, and leaves a -white residue of mercuric bromide. (Rammelsberg.) 
Insoluble in cold water, sparingly soluble in Lot water, easily soluble in 
alcohol. (Lbwig.) According to Rammelsberg, it is insoluble in alcohol. 
Did Lowig's compound contain a smaller quantity of oxide ? 

D. BROMIDE OP MERCURY AND HYDROGEN. Aqueous hydrobroralc 
acid of specific gravity 1-18, saturated at .4.0 with bromide of mercury, 
forms a thickish liquid, which contains 2 atoms of mercuric bromide to 
1 atom of hydrobromic acid, and on cooling or dilution with water 
deposits half its bromide of mercury; so that 1 atom of mercuric bromide 
remains in combination with 1 atom of hydrobromic acid. 1 At. warm 
aqueous hydriodic acid and 1 At. cold concentrated hydrochloric acid 
dissolve 2 At. mercuric bromide; and 1 At. warm concentrated hydro- 
chloric acid dissolves 4 At. mercuric bromide. (Lowig.) 

Mercuric oxide digested in bromine-water forms a slightly soluble 
oxybromide, and a liquid, which, besides a small quantity of oxybromide, 
contains Jiypobromite of mercuric oxide, or free hypobromous acid, and 
gives off the latter by distillation in vacuo, (Balard.) If heat be applied, 
the products formed are protobromide of mercury and bromate of mercuric 
oxide. (Lowig.) 

E. BROMATE OF MERCUROUS OXIDE, or MERCUROTJS BROMATE. 
a. JBibasic. Remains undissolved on treating b repeatedly with fresh 
portions of warm, but not boiling water. Lemon-yellow, granular powder, 
which does not contain water. When heated, it is decomposed with a 
hissing noise, the greater part being thrown about; the products are free 
bromine and mercuric oxide. Becomes grey on exposure to light. A 
small quantity of nitric acid converts it into b, which then dissolves in a 
larger quantity of the acid. (Rammelsberg, Pogg. 55, 79.) 

Rammelsberg. 

2Hg ? 416-0 .... 77-84 .... 78-41 

BrO 5 118-4 .... 22-16 

2Hg 2 0,BrO 5 534-4 .... lOO'OO 

~b. Monobasic. Bromic acid and bromate of potash give a yellowish- 
white precipitate with mercurous nitrate. (Lowig.) The salt is best pre- 
pared by precipitating mercurous nitrate in the cold with bromate of 
potash. The white precipitate, when washed for some time, acquires a 
yellowish colour, from formation of a small quantity of the salt a; a few 
drops of nitric acid, however, turn it white again. (Rammelsberg.) White 
powder; crystallizes from the solution in excess of aqueous bromic acid, 
on evaporation and cooling, in white laminae. Contains no water. 
Detonates when heated, but much less strongly than the mercuric salt, and 
yields metallic mercury. When washed with water, it turns yellowish; 
and when treated with hot water, it is completely converted into a. The 
solution thereby obtained, which contains mercurous bromate with excess 
of acid, yields, on evaporation, the salt b in laminae; and the mother- 
liquid, when further evaporated, gives off bromine, and yields needles of 
mercuric bromate, because the excess of bromic acid exerts an oxidizing 
action. The salt dissolves with some difficulty in nitric acid, but easily in 
hydrochloric acid, with formation of mercuric chloride. (Rammelsberg.) 

Rammelsberg. 
Pulverulent. Laminated. 

Hg 2 208-0 .... 63-72 63'36 .... 62-52 

BrO 5 118-4 .... 36-28 

Hg 2 0,BrO s ,.., 326-4 .... 100*00 ~~~ ~~~ ' 
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F. BROMATE OF MERCURIC OXIDE, or MERCURIC BROMATE. 

1. Formed by digesting mercuric oxide with bromine- water, evaporating 
and dissolving out the mercuric bromide formed at the same time with 
alcohol, in which the bromate is but very slightly soluble. (Lowig.) 

2. t By precipitating mercuric nitrate with bromate of potash. (Lowig.) 

3. Recently precipitated mercuric oxide immersed in aqueous bromic acid 
is converted into a white salt, but little of which dissolves in the acid 
liquid; and that which does dissolve maybe recovered by evaporation. 
(Rammelsberg.) White powder; crystallizes from the boiling aqueous 
solution in small prisms. (Rammelsberg.) Greyish-white powder. (Lowig.) 
Detonates sharply even at temperatures between 130 and 340, the 
greater part volatilizing in the form of a red vapour consisting of oxygen 
gas, bromine, dibromide, and protobromide of mercury, and metallic 
mercury, while a small quantity of mercuric oxide remains behind. The 
salt is easily- decomposed and dissolved by hydrochloric acid. Dissolves 
slightly in nitric acid, in 650 parts of cold water, and 64 parts of boiling 
water. (Rammelsberg, Pogg. 55, 79.) 
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G. MERCURIC PHOSPHOBROMIDE. Phosphuretted hydrogen gas passed 
through aqueous mercuric bromide, yields a brownish-yellow precipitate, 
which turns black under water, and is reduced to the state of metallic 
mercury. (H. Rose.) 

H. MERCURIC SULPHOBROMIDE. Hydrosulphuric acid gas gives with 
mercuric bromide the same reactions as with the chloride. An excess of 
hydrosulplmric acid throws down black protosulphide of mercury; but a 
smaller quantity precipitates a white compound of the protosulphide with 
the protobromide. The same compound is obtained by digesting recently 
precipitated black sulphide of mercury with the nqueous solution of the 
bromide. After drying, it is yellowish-white. When heated, it is 
resolved into mercuric bromide and cinnabar. It is blackened by alkalis, 
but less quickly than the corresponding chlorine compound. It is 
neither decomposed nor dissolved by nitric acid or oil of vitriol at a 
boiling heat. 

H. Rose. 

3Hg 300-0 73-10 

2S 32-0 7-80 7-89 

Br 78-4 19-10 

2HgS,HgBr 410-4 ~ 100-00 

MERCURY AND CHLORINE. 

A. DICIILORIDE OP MERCURY, or MERCUROUS CHLORIDE. SuleMoride 
of Mercury, Submuriate of Mercury, Salzsaures Quecksilberoxydul, Ver- 
susster Sublimat, Versilsstes Quecksilber, Mercurim dulcis s. Kaiomelanicus 
s. loticus, Calomel, Draco mitigatus, Aquila mitiyata s. alba s. cwlestis, s. 
Mercuriij Panacea mercurial-is s. ccelcstis, s. Mcrcurii, Protcchlorure de 
Mercure. Found native in the form of Horn-quicksilver. 
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Formation. 1. Mercury slowly absorbs chlorine gas at ordinary 
temperatures, and produces a grey, pulverulent mixture of mercury unil 
the dichloride; when introduced into chlorine gas at a boiling heat, it 
kirns with a yellowish-red flame, producing dicWonde and protochlonde 
of mercury 2. Mercury, electrified for a considerable time in contact 
with hydrochloric acid gas, separates the hydrogen, and is itself converted 
Into calomel. 3. Mercury agitated with aqueous sesqui chloride of iron, 
yields calomel and aqueous protochloride of iron; the action is ^arrolo- 
rated hy the presence of free hydrochloric acid. (SchaffhautL)-~f Culomol 
Is likewise formed on bringing mercurous oxide in contact with hydro- 
chloric acid, or a mercurous salt with the chloride of an alkali-metal. 
5. On heating a mixture of mercury and the protochloride. 

Preparation. 1. By triturating 4 pts. (1 At.) of mercuric chloride 
with 3 pts. (1 At.) of mercury, the mixture being moistened with \vat*r 
or alcohol, and the trituration continued till the mercury luis lout its 
fluidity then gradually heating the mixture in a glass flask or retort 
fill it sublimes. 4 :3 is nearly the same ratio as 135'4 : 100. A lurir^ 
jiortion of the protochloride of mercury is converted into dichloride dnriiiir 
t lie trituration. Trautwein heats the deadened mixture, gently at imf, 
for a few hours, and pulverizes it once more before sublimation. 2. By 
subliming an intimate mixture of equal parts of mercurous sulphate and 
common salt : 

H#0,S0 8 + NaCl = NaO,S0 3 + Hg 2 CL 

Planche* (Ann. Okim. 66, 168) triturates 8 parts of mercury, 18 partM of 
dry monobasic mercuric sulphate, and 6 parts of water, till the fluidity t if 
the metal is destroyed, and heats the resulting mercurous sulphate with 
an equal weight of common salt, till a sublimate is obtained ;j M v 
deadening 2 At. mercury with 1 At. common salt, and 1 At. poroxidi- of 
manganese, and heating the mixture to sublimation with 2 At. oil of 
vitriol : 

2Hg+ NaCl + MnQ2 + 2SQ3 = NaO,SQ3 + MnO,SQ3 + Ilg^CL 
20 pis. mercury, 8 common salt, 6 peroxide of manganese -md H oil nf 
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the other hand, the calomel, or the ingredients from which it is prepa 
is heated in a cast-iron cylinder 2 feet long, and 1 foot wide, one eiic. v * 
which is provided with an opening serving to introduce and remove the 
materials, and closed during the operation, while the other end terminates 
in a contracted neck which opens into the upper part of a brick chamber, 
4 feet long and broad, and 6 feet high; in this chamber the calomel con- 
denses in the form of a soft powder. As the iron of the tube decomposes 
a portion of the calomel, a small quantity of protochloride of mercury is 
added to the mixture. (Calvert, N. J. Pharm. 3, 12L.) Soubeiran 
(J. Pharm. 29, 502) adopts the same process, excepting that he heats 
the materials in an earthen retort, and uses a large earthen vessel as a 
condensing chamber. The pulverulent calomel obtained by either of 
these processes is washed with a large quantity of warm water, or a 
small quantity of warm alcohol, to free it from the corrosive sublimate 
with which it is usually contaminated. 

5. By precipitating a warm dilute solution of rnercurous nitrate with 
excess of common salt or sal-ammoniac, and washing the precipitate 
thoroughly with cold water. The calomel obtained by this process, first 
proposed by Scheele, is in the form of a remarkably fine powder, and has 
consequently somewhat more active medicinal properties than the ordi- 
nary preparation. The more energetic action sometimes produced by 
this calomel prepared in the humid way, may perhaps be duo to an admix- 
ture of basic mercurous nitrate, or mercuric oxide, which, according to 
Buchner, Mialhe, and others, are sometimes found in it. This admixture, 
however, does not occur if the solution of mercurous nitrate bo largely 
diluted, and, if necessary, filtered, before being mixed with tho soluble 
chloride, and if the common salt or sal-ammoniac be added in excess, and 
the liquid heated for some time in contact with tho precipitate. To tho 
same end, Sefstrom, Geiger, and Trautwein (Repert. 11, 72; 12, 155) 
recommend that a little nitric acid be added to tho mercurotw solution 
before mixing; and Chenevix advises the addition of hydrochloric acid to 
the solution of common salt. In that case, however, the liquid must not 
be heated so much, as, otherwise, part of the calomel will bo redissolved 
in the form of protochloride of mercury. According to Duma, tho 
calomel obtained by the use of common salt always contains more or losa 
of that substance, and cannot be freed from it by washing; tho presence 
of the salt renders the calomel thus prepared more soluble thai) that 
obtained by sublimation; but Mialh6 (J. Pharm. 22, 580) found only 
traces of common salt, and no difference in the solubility. Th. Marti UH 
(Ann. Pharm. 9, 197) precipitates the dilute morcurous solution with 
sal-ammoniac, and from the filtrate which contains all the mercuric oxide 
contained in the solution, he obtains white precipitate by tho addition of 
carbonate of soda. ^ The precipitate formed by sal-ammoniac, and washed 
for a long time^with cold water, is free from ammonia. (Floiehmaim, 
Repert. 79, 209.) Guibourt (J. Pharm. 15, 315) precipitates tho con- 
centrated mercurous solution with hydrochloric acid. [In this last pro- 
cess, the application of heat must be avoided; a diluto solution also is to 
be preferred.] 

Impurities and Adulterations. 3. Protochloride of mercury: Cold 
water or alcohol agitated with the powder for some time and then 
filtered, turns brown on the addition of hydrosulphuric acid, &<. 

2. Basic mercurous nitrates or mercuric oxide: Red fumes evolved on 
heating the substance in a white flask or tube till it auMimcs ~ 

3, Metallic mercury: Grey colour; globules of mercury discernible under 
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tlie microscope. 4. Pounded heavy, spar and similar impurities remain 
behind on sublimation. 5 Gum and other organic substances : Empy- 
reumatic odour on the application of heat ; solubility in water or alcohol, 
&c. 

' Properties.' The native variety and that obtained by sublimation 
form crystals belonging to the square prismatic system, The native 
substance exhibits the forms shown in Figs. 25, 29, 30 and 39 (without 
^?-faces); the artificial product has the form of Fig. 38. In Fig. 38, 
p : a = 1 19 50'; p :e=. 112 5'; a :$ = 150 1 0';. cleavage indistinct, parallel 
to q. (Brooke, Ann. Phil. 22, 285). A - totally different crystalline 
form is given by Schneider (Kastn. Arch. 5, 71). In sublimed calomel, 
the squares prisms are generally united in fibrous masses. Specific 
gravity of the artificial product, 6'9920 (Karsten); 7*140 (P. Boullay). 
Softer than calcspar. Dirty white, translucent; acquires a transient 
yellow colour when heated in the state of powder. The product 
(5) obtained by precipitation is a white, heavy powder, with a tinge 
of lemon-yellow. Calomel volatilizes below a red heat, without pre- 
vious fusion. According to Faraday (Pogg. 19, 552), it does not vola- 
tilize at ordinary temperatures, It is tasteless and inodorous. 
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Decompositions. 1. Calomel becomes dark grey by exposure to 
light [by formation of Hg 4 Cl 2< ]. 2. Heated in a current of phosphorus 
vapour, it yields phosphide of mercury and terchloride of phosphorus. 
(H. Davy.) 3. When heated with a small quantity of sulphur, it yields 
cinnabar and mercuric sulphide; with a larger quantity of sulphur, the 
products are cinnabar and dichloride of sulphur ; 



==HgCUHgS; 
and, Hg 2 Cl + 4S = 2HgS + S 2 C1. 

4. When immersed in cold, aqueous sulphurous acid, it turns grey, and 
in the same liquid at a boiling heat it becomes greyish-black, from loss 
of chlorine. In this greyish-black powder, no metallic mercury can be 
discovered with the lens; but when heated, it is resolved into calomel and 
metallic mercury; it is probably, therefore, a subchloride. (A. VogcJ.) _ 

5. Calomel gives up its chlorine to many of the base metals, both in the 
dry and in the humid way. On boiling it with copper and water a 

freen solution is quickly formed, and the copper becomes covered with a 
lack film, from which hydrochloric acid extracts cupric oxide, leaving a 
residue of metallic mercury. (A. Vogel ; J. pr. Chem. 8, 107.) _ 6. By 
aqueous protochloride of tin, it is reduced to the metallic state, after some 
time at ordinary temperatures, but quickly on boiling. (A. Voo-el, Kastn. 
Arch. 23, 78.) With mineral kermes or sulphur auratum, it is gradually 
converted into black sulphide of mercury and terchloride of antimony. 
The mixture of calomel with mineral kermes or sulphur aumlum becomes 
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grey in the course of 4 weeks, and moist when exposed to tlie air. 
Under cold water, the decomposition takes some weeks; in boiling water, 
it is complete in a few minutes; the .water takes up hydrochlorate of 
antimonic oxide. The decomposition likewise takes place in ether and 
hot-oil of turpentine or oilof lavender, but not in alcohol. (A. Vogel,, 
tSckw;-33, 291.) Recently precipitated kermes, still moist or dried in 
the air, turns black in a few minutes when' placed in contact with dry 
calomel; but if it has been dried at 100, it does not blacken, even 
when moistened, but only after being several times alternately moistened 
and heated. Pentasulphide* of antimony, recently precipitated and still 
moist, quickly blackens calomel; if dried in the air, it forms with calomel 
a yellowish brown mixture, which turns- black on the addition ol water; 
after drying at 100, it acts but feebly even when moistened, unless 
heat be also applied. (Geiger, Mag. ' Pharm. 29, 240.) 8. Calomel 
triturated with iodine and water yields protochloride of mercury, which 
dissolves, and protiodide of mercury, of which the water takes up a small 
portion. (Planch e & So ubeir an, J. Pharm. 12, 651; also N. Tr. 15, 144.) 



9. Calomel digested in the aqueous iodides of the alkali-metals, 
magnesium, zinc, or iron, yields dark green diniodide of mercury and an 
aqueous metallic chloride. The. mercurous iodide thus produced remains 
unchanged for a long time in the dark; but when exposed to light, it 
first becomes yellow, and then red from loss of mercury; fuses into a 
black-brown liquid; gives off mercury and mercuric iodide; and leaves 
a white residue of chloride of potassium, together with the excess of 
iodide of potassium employed. (Laboure, J. Pharm. 4, 329.) 10. Hot 
nitric acid dissolves calomel, with evolution of nitric oxide gas, forming 
a solution of mercuric chloride and mercuric nitrate : 

3Hg 2 Cl-f-4NO 5 = 3HgCl + 3(HgO,NO') + N0\ 

Cold oil of vitriol neither dissolves nor decomposes calomel, even after a 
long time; but hot oil of vitriol dissolves it (the liquid solidifying- in a 
white saline mass on cooling), giving off sulphurous acid, yielding a 
sublimate of mercuric chloride, and leaving a residue of mercuric chloride 
mixed with mercuric sulphate. (A. Vogel. } 

Hg 2 Cl + 2SO' { = HgCl 4- HgO,8O 3 -i- SO-. 

31. Calomel immersed in. aqueous hydrocyanic acid yields metallic mer- 
cury and a liquid which contains cyanide of mercury and hydrochloric 
acid. (Scheele, Opusc. 2, 159.) Part of the calomel remains nmleoom- 
posed. (Buchner, JRepert. 9, 303.) The part which remains umlLssolvcd 
is not metallic mercury, but a black powder, which, when heated, givca off 
calomel vapour, together with a small, quantity of permanent gas, and 
leaves a carbonaceous powder. (Soubeiran, J. Pharm. 15, 523.) The 
resulting liquid always contains sal-ammoniac, even when the hydrocyanic 
acid used is quite free from ammonia, and therefore, after being precipi- 
tated with nitrate of silver, filtered, and evaporated, yields nitrate of 
ammonia. The black powder which remains undissolvcd, exhibits, when 
examined with the microscope, shining points, which, however, do not 
consist of metallic mercury. It fuses in. a glass bulb at l.'K) , becomes 
somewhat whiter at 150, and afterwards exhibits little globules of" mer- 
cury, which sublime on the application of heat. At a higher temperature, 
calomel sublimes together with the metallic mercury, and a, carbonaceous 
substance is left behind. Part of the calomel remains uudccomposed, even 
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when an excess of hydrocyanic acid is present. (Deschamps, J. Pliarm. 
25, 22.) The decomposition by hydrocyanic acid must therefore "be more 
complicated than that which would be expressed by the equation : 

Hg 2 Cl + HCy = Hg + HgCy + HC1, 

and deserves farther examination; to the physician, it is important to 
know that the mild substance calomel, is converted by hydrocyanic acid 
into a compound which acts so violently as cyanide of mercury. 

12. Calomel heated with dry fixed alkalis, yields mercury, oxygen 
gas, and a chloride of the alkali-metal : 

Hg 2 Cl + KO = KC1 4- 2Hg -f O. 

By aqueous fixed alkalis it is converted into black mercurous oxide, a 
chloride of the alkali-metal remaining in solution. Calomel likewise 
blackens when immersed in aqueous ammonia, not, however, by conversion 
into mercurous oxide, but into Hg 2 NH?,Hg 2 CL (Kane.) The supernatant 
ammoniacal liquid contains a small quantity of mercury in solution, 
(Buchner, Repert. 53, 70.) Carbonate of ammonia colours calomel grey 
and quickly dissolves it, with the exception of a small grey residue of 
metallic mercury. (Wittstein.) Carbonate of magnesia exerts no action 
in the cold, eveu in the presence of water; but at a boiling heat, carbonic 
acid is evolved, mercury separated, and a solution formed, containing 
mercuric oxide in combination with magnesia. (Buchner, Repert. 3, 31; 
4, 289.) 1F 'According to A. Vogel, Jun. (Repert. Pharm. [3,] I, 34), 
calomel heated with water and carbonate of lime (or magnesia), is con- 
verted into dirioxide [and protoxide f| of mercury and metallic mercury, 
carbonic acid being evolved and chloride of calcium formed. The car- 
bonates of baryta and strontia act in a similar manner, but not so strongly. 
Wlien calomel was boiled with pounded gypsum, chloride of calcium and 
mercuric sulphate were formed; a similar effect was produced by boiling 
with sulphate of soda. IT 13. By aqueous vapour and boiling water, 
calomel is partly converted into metallic mercury, or into a grey compound 
of calomel with excess of mercury, and soluble mercuric chloride. When 
aqueous vapour is passed over calomel powder contained in a, glass tube, 
tne water condensed by cooling deposits calomel in a very soft, finely 
divided state, and is found to contain protochloride of mercury in solution. 
(Righini, J. CMm. med. 18, 190; also J. pr. Chem. 26, 416.) This is 
also probably the explanation of the fact that whenever calomel is sub- 
limed, a small portion of it is resolved into mercury and corrosive 
sublimate, and consequently the vapour which rises from it has the power 
of reddening litmus an effect which would be produced by corrosive 
sublimate. In a comparative experiment made by the author, it appeared 
that the calomel, when sublimed in a current of dry air, was much less 
decomposed than when the air was loaded with vapour of water. Calomel 
prepared in the humid way (5) reddens litmus more quickly when sub- 
limed than that which has been prepared by sublimation, probably because 
it Contains more hygroscopic water. (Pagenstecher.) Calomel powder 
boiled for a long time with large quantities of water frequently renewed, 
continually diminishes in quantity, and acquires a grey colour, and the 
water takes up chlorine and mercury. From the contradictory statements 
made with respect to this reaction, the following facts may perhaps be 
deduced: The grey product is basic hydrochlorate of mercurous oxide, 
Tvbich recovers its whiteness by boiling with hydrochloric acid, and when 
sublimed yields calomel, mercury, and oxygen gas; a small quantity of 
hydrochloric acid is found in the water. (Donovan.) The grey powder 
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is basic hydrochlorate of mercurous oxide; tlie water contains 
of mercury. (Gruner, Berl. Jalirb. 1820, 488.) The aqueous 
yields, on evaporation, a mixture of calomel and corrosive sublimate, 
Vogel, Schw. 33, 291.) The aqueous decoction yields, on evaporation^ 
small quantity of hydrochloric acid; and leaves a greenish yellow 
talline residue, half soluble in cold, and half in hot water, 
& Tr. 5, 2, 33.) When 10 parts of calomel, either sublimed or 
in the humid way, are boiled in an open vessel with 3000 parts of 
till the quantity is reduced to 1000 parts, the liquid then decanted, 
the calomel again boiled with 3000 parts of water down to 1000 
there remains from 6 '3 to 7*8 parts of unaltered calomel, which a 
wholly disappears after six similar boilings. The decoction tastes of 
cury does not redden litmus and gives with hydrosulphuric acid 
black, with ammonia or nitrate of silver a white, and with potasln 
yellowish white precipitate. It covers copper with green basic 
chlorate of cupric oxide, and does not amalgamate it till liydr 
acid is added to the liquid. According to this, the decoction should 
tain basic hydrochlorate of mercuric oxide (or mercuric oxychloride) 
duced by contact of air. When 1 part of calomel is repeatedly boi 
with water, and the whole decoction boiled down to 1 part, the concen- 
trated solution gives a yellow precipitate with potash and white T\rit;h. 
ammonia: it therefore contains protochloride of mercury. (Simon, lle%>&?-^ 
52, 145.) When from 100 to 160 parts of vapour-calomel are agita/tecl 
for an hour with 1667 parts of boiling water in a well-closed bottle a,nd 
kept at 100, tlie water is found to have taken up 0*16 pt. protochloriclo 
of mercury; if the air has access to the liquid, a larger quantity of tlals 
compound is formed. 

1 4. Boiling hydrochloric acid quickly converts calomel into pro-fco 
chloride of mercury which dissolves, and metallic mercury which remain^ 
behind. (Proust, Boullay, Ann. Cliim. Phys. 34, 343.) On the otlxe-tr 
hand, when water containing hydrochloric acid is boiled in an open vessel 
with calomel, the latter is completely dissolved in the form of protoclilo 
ride, without separation of mercury. (Guibourt, J. Oh-ini. Mcd. 2, 2T4.) 
When 100 parts of calomel are placed in a stoppered bottlo, togetlieir 
with 100 parts of hydrochloric acid, and 1667 parts of water thoroughly 
freed from air by boiling, the liquid, if at the temperature of 40 or 50^ 
takes up, in the course of 24 hours, '0- 67 parts protochloride of mercury ^ 
but in an open vessel, it takes up 2 '32 parts. (Mialhe.) 

15. Calomel sublimed with sal-ammoniac yields mercury and a, 
sublimed compound of sal-ammoniac and protochloride of mercury. (Pet;- 
tenkofer, Eepert. 3, 31.) The same decomposition, doubtless induced by 
the affinity between sal-ammoniac and protochloride of mercury, takes 
place when calomel is boiled in a solution of sal-ammoniac. (Pottcnkofer.^ 
100 parts of calomel boiled with 200 sal-ammoniac and with water, lose 
19 parts; the grey residue contains globules of mercury. (Pfall^ $cbw. 4^5 9 
100.) 100 parts of calomel boiled five times with 100 sal-ammoniac and. 
with water, yield 40 parts of mercury, and a liquid from which alkaline 
carbonates throw down 60 grammes of white precipitate. (Henncl, Qncvart*. 
J. of Sc. 18, 295.) The sal-ammoniac solution takes up a small quantity 
of mercuric chloride from the calomel, even at ordinary tomporatures- 
(Mialhe.) A solution of 100 parts sal-ammoniac and 100 common salt Irt 
1667 water, kept for 24 hours at a temperature from 20' to 2/> J in con- 
tact with 100 parts of vapour-calomel, takes up 1 part of niorcurlo 
chloride; but at temperatures between 40 and 50, the quantity of tha."fc 
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compound dissolved amounts to 2 5 parts. The same quantity of mercuric 
chloride is produced, if the quantity of calomel is only 33 or even 17 parts 
instead of 100; whence it appears that the quantity of mercuric chloride 
thus formed depends, not upon that of the calomel, hut upon that of the 
solution of sal-ammoniac and common salt. The concentration of this 
solution has likewise some influence on the result. When 100 parts of 
sal-ammoniac and 100 common salt are dissolved in 833 parts of water, 
and the solution kept in contact for 24 hoars at 40 or 50 with 100 parts 
of calomel, 4 parts of mercuric chloride are dissolved; if the quantity of 
water amounts to 1667 parts, 3*3 parts of mercuric chloride are dissolved 
under the same circumstances ; with 3333 parts water, 2 parts HgCl ; 
and with G666 parts water, 1*5 parts HgCl. Access of air likewise 
influences the quantity of mercuric chloride dissolved. If, under the 
preceding circumstances, 50 parts of calomel are placed in an open vessel 
with 100 sal-ammoniac, 100 common salt, and 1637 hoiled water, 1*8 part 
mercuric chloride dissolves in the liquid; whereas in a close vessel only 
0*5 part would be formed. Hence it appears that more than two-thirds 
of the mercuric chloride is produced hy the oxidizing action of the air, 
and one-third by the decomposition of the calomel. Calomel prepared in 
the humid way likewise yields rather more mercuric chloride than vapour- 
calomel, a circumstance which accords with its greater activity. (Mialhe, 
/. Pharm. 26, 108; and N. Ann. Chem. Phys, 5, 169.) Solution of sal- 
ammoniac acts upon calomel at ordinary temperatures, and the resulting 
mercuric chloride may be dissolved out by agitation with ether. A 
mixture of 3 parts calomel with 20 sal-ammoniac and 20 sugar, kept in 
paper in a damp place for a week, and then treated with cold water, 
yields a nitrate from which ether extracts mercuric chloride on agitation. 
(Larocque, jV. J. Pharm. 4, 9.) A cold solution of 1 part sal-ammoniac 
in 1024 water, filtered several times through 96 parts of finely pulverized 
calomel, yields a filtrate in which no trace of mercury can be detected. 
(Th. Martius, Ann. Pharm. 9, 197.) According to Lepage (J. Chim. Mcd. 
18, 606), a solution of sal-ammoniac, even at temperatures between 38 J 
and 60 J , does not take up a trace of mercury from calomel in 24 hours. 
According to Simon, on the contrary (Eepert. 52, 145), calomel triturated 
with sal-ammoniac and a small quantity of water, gives off' ammonia, 
and quickly turns grey, giving up protochloride of mercury to the water. 
Chloride of potassium, chloride of sodium, and certain other metallic 
chlorides, act in a similar manner to sal-ammoniac, but not so strongly. 
(Pettenkofer, Heimel.) Calomel is not decomposed by sublimation with 
common salt. (Pettenkofer.) To decompose calomel completely with 
common salt and water, 1 part of calomel must be boiled 10 times in 
succession with 1 part of common salt and with water. (Hennel.) An 
aqueous solution of chloride of barium and chloride of calcium, boiled 
with calomel, dissolves, according to Pettenkofer, only a trace of mercuric 
chloride; sulphate of potash, nitre, or cream of tartar, none whatever, 
fcven at the ordinary temperature of the air, and at that of the human 
body, aqueous chloride of potassium or sodium takes a small quantity of 
mercuric chloride from calomel. When 25 parts of sublimed calomel are 
placed for several hours in a solution of 100 parts of sal-ammoniac in 833 
parts of water, at temperatures between 40' J and 50, 075 parts proto- 
ch oride of mercury is dissolved; the same quantity of chloride of potas- 
sium takes up 0-5; and of chloride of sodium or chloride of barium, 
?onP?E 1 Fotodiloude (Mialhe.) When 50 parts of calomel 

100 chloride of potassium or chloride of sodium, and 2083 water are 
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placed in a vessel and set aside for 7 days, the liquid being frequently 
agitated, a filtrate is obtained which turns brown with hydrosulphuric 
acid; since, however, ether does not dissolve protochloride of mercury 
from it on agitation, the compound dissolved appears to be, not that sub- 
stance, but calomel. With the chlorides of barium, calcium, and magne- 
sium, under the same circumstances, a filtrate is obtained which does not 
turn brown with hydrosulphuric acid. But when the solutions of these 
same metallic chlorides are boiled, mercury is separated, and the liquid 
takes up mercuric chloride, which may be dissolved out by ether. If, 
however, the chloride of potassium or sodium contains a trace of iodide, 
the calomel turns grey even at ordinary temperatures, and the watery 
filtrate treated with ether, gives up protochloride together with protiodide 
of mercury. (Larocque.) According to Wittstein, calomel is soluble for 
the greater part in sulphate of ammonia, but very sparingly in the nitrate 
and succinate. Ether does not extract protochloride of mercury from 
calomel. (Lassaigne, Ann. Ghim. Pkys. 64, 103.) 

Calomel forms compounds with anhydrous sulphuric acid, chloride of 
sulphur, and ammonia. 

B. PROTOCHLORIDE OF MERCURY, Or MERCURIC CHLORIDE. Corrosive 

Sublimate, Aetzender Queclesilber-sublimat, Aetzsublimat, Sublimat, Muriate 
of Mercury ', Salzsaures Queclcsilberoxyd, Mercurius sublimatus corrosivus, 
Deuto-chlorure de Mercure, Sublime corrosif. 

Formation. 1. When mercury is burned in chlorine gas. 2. In the 
decomposition of mercuric salts by various metallic chlorides. 3. When 
mercuric oxide is heated with certain aqueous metallic chlorides. Mer- 
curic oxide boiled with hydrochlorate of magnesia, is dissolved and preci- 
pitates the magnesia. (Berzelius, Jahresber. 21, 142.) Mercuric oxide 
boiled in a dilute solution of chloride of calcium, produces no decomposi- 
tion; but in a concentrated solution, it dissolves, with separation of white 
flakes of hydrate of lime ; but, on the addition of water to the concentrated 
liquid, chloride of calcium is re-dissolved, and mercuric oxide separated, 
in combination with a small quantity of mercuric chloride, and mixed 
with a little carbonate of lime. (Hochstetter, /. pr. Ghent. 27, 373.) A 
warm solution of common salt likewise dissolves mercuric oxide, according 
to Mialhe (vid. inf.) and Dranty (/. Oldni. mcd. 12, G51), in the form of 
mercuric chloride, and the liquid becomes alkaline from the presence of 
caustic soda. 4. In the decomposition of mercurous oxide, mercurous 
salts, and of the diniodide, dibromide, and clichloride of mercury by 
aqueous metallic chlorides. 100 parts of the following mercury-compounds 
placed in contact for twenty-four hours, at temperatures between 10 and 
20, or 40 and 50, with 100 parts of common salt and 1667 parts of 
water, yield the following quantities of mercuric chloride in solution : 
mercurous oxide at 15, 1-8 part; at 40, 3'2 parts of mercuric chloride. 
(Mercuric oxide at 15, 7'8 parts; at 40 J , 25'7 parts.) Mercurous iodide 
at 15, or at 40 3 , 0*8 part. Mercuvous bromide at 15, 1 part; at 40, 
2-5 parts. (If the air be excluded, at least in the beginning, mercuric 
bromide is dissolved; but if the liquid be exposed to the air, the greater 
part of that which is dissolved consists of mercuric chloride.) Mercurous 
sulphate at 15, '7 part; at 40 3 , 2'3 parts. Mercurous nitrate at 15, 
1'2 part; at 40 J , 2*3 parts. Mercurous tartrate at 15, 1*3 part; at 40, 
1-8 part. Mercurous acetate at 15, 0*7 part; at 40V 1*3 P ai 'k Mercu- 
solubilis at 15, 2*3 parts; at 40, 3'7 parts. (Mialhe, J^. Ann.Ohim. 
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Phm 5 1761 Again, -when mercury is immersed in water containing 
chloride of ammonium, potassium, or sodium, and the liquid exposed to 



- 

explained the action of metallic mercury on the human body \_l\. (Mialhe, 
-. Pharm. 27, 630; and^. 4nn. 0to. PJiys. 5, 183.) 



m. 1. By subliming a mixture of equal parts of mercuric 
sulphate and decrepitated common salt. (Sck. 51.) KunkeL 2 Or: 
Equal parts of mercuric nitrate, decrepitated common salt, and calcined 
green vitriol 3 Or : By triturating 3 parts of mercury with 2 common 
salt, 2 nitre and 4 calcined green vitriol, till the mercury has lost its 
fluidity,, and then subliming : 

Hg + NaCl + KO,N0 3 + Fe 2 3 ,2S0 3 = HgCl + NaO,SO 3 + KO,S0 3 4- NO 4 + Fe0. 

In this old Dutch process, the hyponitric acid which escapes is condensed 
in receivers containing water, and afterwards, under the name of Sublimate- 
water, used for the preparation of mercuric oxide. 4. Or: lO^pts. of 
mercury, 8 common salt, 6 peroxide of manganese, 3 1 oil^ of vitriol, and 
3 water. The product is 12-25 parts of corrosive sublimate. (Geiger, 
EerLJahrb. 1820, 346): 



This process had been previously proposed by Fourcroy. 5. By heating 
mercurous nitrate -with hydrochloric acid, till the precipitated calomel is 
redissolved, and cooling the liquid to the crystallizing point : 

Hg*0,N0 3 + 2HC1 = 2HgCl + 2HO + NO 4 . 

6. By dissolving mercuric oxide in boiling dilute hydrochloric acid, and 
repeatedly evaporating and cooling to the crystallizing point. 

Properties. Crystalline system the right prismatic; Fig. 70. Cleavage 

parallel to p, u, and w'; u' : ^ = 93 44'; u' : =133 8'. (Brooke.)- 

Sublimed protochloride of mercury exhibits the form of Fig. 65; but with 

m-faces (between u' and u) ; also with faces between i and tj finally, with 

faces between u and m u' : u~ 93 52'; u' : t 133 4'; i : i' = 142 4,5' 

[144]] yi : ^ = 103; face between i and t, : face letiveen i' and t, back- 

wards =111 38f; face between i and t : =124 10f. The crystals 

obtained by slow evaporation of an alcoholic solution exhibit the form of 

Fig. 71 ; but the prism is so much shortened, thafc the upper and lower 

2/-faces, which predominate, touch one another. In this form, u' : u = 

86 12' (therefore u : u' backwards = 93 48') \u : t = 133 6"; y above : y 

below = 71 55'; t :y = 90; a' : a backwards = 57 36' ; a t= 118 48'. 

(Mitscherlich, Pogg. 28, 118.) The crystals obtained by evaporation of 

the aqueous solution are fiat, four-sided prisms, bevelled at the ends with 

two faces. The translucent cakes of commercial mercuric chloride, obtained 

by sublim ation exhibit a coarse-grained fracture.-Sp. gr. 5-4032 

(Karsten); 5-420 (P. Boullay). White, exhibiting various degrees of 

translucence, up to transparency. When heated, it fuses, botls," and 

volatilizes somewhat more readily than calomel. Evaporates even at 
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ordinary temperatures. (Faraday.) IF According to Riegel, however 
(Arch. Pharm. 2nd series, 61, 294), corrosive sublimate does not evaporate 
at ordinary temperatures, either in the solid state or from concentrated 
solutions. ^T The aqueous solution reddens litmus, (y. Bonsdorff.) Has 
a sharp metallic taste, and is very poisonous. 
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Decompositions. 1. The aqueous solution exposed to sunshine deposits 
calomel, and gives off oxygen gas and hydrochloric acid. (Boullay, 
A. Gehl. 2, 92; J. Davy.) Hydrochloric acid or sal-ammoniac added to 
the solution, prevents this decomposition by its affinity for the mercuric 
chloride. The salt does not suffer decomposition when exposed in the 
state of powder to sunshine. (J. Davy.) 2. Vapour of phosphorus passed 
over heated protochloride of mercury yields mercury and terchloride of 
phosphorus. (H. Davy.) Phosphorus heated with the aqueous solution 
forms phosphide of mercury, phosphoric acid, and hydrochloric acid. 
(Boullay.) From the ethereal solution, phosphorus throws down calomel, 
"but no metallic mercury. (Fengler, Repert. 9, 259.) 3. Hypophosphorous 
acid added to the aqueous solution of corrosive sublimate, the latter being 
in excess, throws down calomel ; if the corrosive sublimate is not in excess, 
metallic mercury is precipitated. (H. Rose, Pogg. 9, 375.) 4. Phos- 
phuretted hydrogen gas passed over gently heated protochloride of mercury, 
causes rapid evolution of hydrochloric acid gas, and forms an orange- 
yellow sublimate of phosphide of mercury, which, when suddenly heated, is 
resolved into its elements. (H. Rose.) From the aqueous solution, phos- 
phuretted hydrogen gas throws down yellow phosphochloride of mercury. 
(H. Rose.) 5. Corrosive sublimate heated with sulphur yields chloride of 
sulphur and sulphide of mercury. The decomposition may be attended 
with a violent explosion. (Proust, Gilb. 25, 175.) 6. Sulphurous acid 
added to the aqueous solution, especially when hot, throws down calomel 
and metallic mercury. At ordinary temperatures, the turbidity does not 
show itself for 24 hours, but on the application of heat, calomel is 
immediately precipitated; but to remove the whole of the mercury in the 
form of calomel, the sulphurous must bo added in large excess, and fre- 
quently renewed ; and the boiling must be repeated several times. The 
mixture of sulphurous acid and solution of corrosive sublimate gives no 
precipitate with alkalis, even in excess. (A. Vogel, J. pr. Gkem. 29, 273.) 
Sulphite of ammonia has no action on solution of corrosive sublimate [in 
the cold?] (H.Rose, Pogg. 34, 240); but on boiling, it quickly precipitates 
shining laminsQ of calomel, which, when heated for some time with excess 
of sulphite of ammonia, turn grey, and are afterwards reduced to black 
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metallic mercury; the reduced metal, heated with hydrochloric ; acid, unites 
into globules. (Earthier, N. Ann. Cldm. Phys. 7, 81,) -7. Hydrosulplmnc 
acid lidded in excess to the aqueous solution, throws down black pro to- 
sulphide of mercury; a smaller quantity of hydrosulphimc acid forma a 
yellow precipitate, which soon turns white. This precipitate is a com- 
pound of protochloride of mercury with the protosulphido. (H. liosc.) A 
similar reaction is produced by alkaline hydrosulphatcs. 

8. Many metals, viz., arsenic, antimony, bismuth, zinc, tin, lead, iron, 
nickel, and copper decompose protochloride of mercury in the dry way, 
withdrawing the half or the whole of its chlorine, and separating calomel 
or metallic mercury, which latter often forms an amalgam with the exccs-s 
of the other metal. Arsenic forms terchloride of arsenic and a brown 
sublimate. (Vid. Arsenic-chloride of Mercury.} ^Capitainc, J. Pharm. 
25, 549.) An intimate mixture of 3 pts. of antimony and 1^ pt. of eor- 
rossive sublimate, well pressed into a glass, becomes hot and liquid in tho 
course of half an hour (Olaus Borrichius), and on the application of heat, 
yields terchloride of antimony and metallic mercury, part of which is jipt 
to pass over in minute globules with the butter of antimony. Any- 
arsenic that may- be present passes over in combination with calomel, 
in the form of a brown powder, which gradually separates from the 
liquid butter of antimony, and settles at the bottom. (Capita me.) Tin, 
heated with corrosive sublimate, forms bichloride of tin, and a jirrciy 
residue, which contains calomel together with protochloride of tin. 
(Capitaine.) Silver takes away but half the chlorine; so that calomel 
sublimes, and chloride of silver remains behind. Many metals likcwiso 
reduce the mercury in the humid way. Prom the aqueous .solution, zinc, 
cadmium, arsenic, and nickel, precipitate the mercury quickly and com- 
pletely; iron, more slowly; bismuth, lead, and copper, still more slowly ; 
and antimony not at all. Most metals throw down calomel together with 
the mercury; but zinc, which becomes thoroughly quickened cjidmium, 
which forms beautiful needles of amalgam arid iron, throw down nothing 
but metallic mercury. (Fischer, Pogg. 9, 258.) Copper immersed in 
water saturated with corrosive sublimate, precipitates a mixture of calomel 
and cupnc oxide [T], and becomes covered with a fast-julIi<M-iu^ }>h t rk 
film; strong hydrochloric acid forms therewith a green -solution in wind, 
a small quantity of calomel floats, while pure mercury remains m,,,n ihr 
copper. If the solution of corrosive sublimate has been previously mix,,} 
with hydrochloric acid, only a small quantity of cupric oxide j H d^po.itr.i 

* ^ C ? Per; S that tl> 'otal, wh,n n,l,b,ci, 
a silvered surface. The alcoholic, and Hlirn-, 

u] ^ ate exhibit simiiai ' di ^ t t.< . ; 

pr. Glum. 8, 107.) Caucal (,/. (Jhhn, Mc.l " rs } 
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solution of corrosive sublimate throws down calomel, and forms chloriv 
of silver. (A. Vogel.) T'iie chloride of silver thus formed is, however, 
not the white, but the black variety, which is richer in silver. (Wetzlar, 
Schw. 52, 475.) 9. Arseniuretted hydrogen gas passed through a solution 
of corrosive sublimate, precipitates a brownish yellow substance (Hg 3 As, 
SHgCl) ; (H. Rose.) 10. Many metallic sulphides boiled with the aqueous 
solution of corrosive sublimate are converted into chlorides, and throw 
down a sulphochloride of mercury, identical with that which would be 
precipitated by an insufficient quantity of hydrosulphuric acid. Such is 
the reaction produced by the recently precipitated protosulphidea of zinc, 
cadmium, tin, lead, iron, and copper : 

2ZnS + 3HgCl = 2ZnCl + 2HgS,HgCl ; 

Similarly, with pentasulphide of antimony : 

2SbS 5 + 15HgCl = 2SbCl 5 + 5(2HgS,HgCl). 

Metallic sulphides prepared in the dry way, and likewise native sulphides, 
act but very slowly on aqueous corrosive sublimate; zinc-blende and 
native sulphide of antimony exert no perceptible action. (Pagenstecher, 
Repert. 62, 25; 73, 1.) For the decomposition of protochloride of 
mercury by sulphide of arsenic in the dry way, see Sutyhocliloride of 
Mercury. 

11. Small quantities of protochloride of tin precipitate calomel from 
the solution of corrosive sublimate; larger quantities separate metallic 
mercury in the form of a black powder. White flakes of stannic oxide 
are also formed at the same time [from access of air.] (A. Vogel, 
Kastn. Arch. 23, 79.) Protochloride of tin likewise throws down 
calomel from the alcoholic solution. (Winckler, Repert. 35, 123.) The 
solution of 1 pt. protochloride of mercury in 500 water becomes blackish 
grey when mixed with aqueous protochloride of tin; a solution containing 
1 pt. in 10 ; 000 or 20,000 acquires a grey colour and gives a preci- 
pitate after 24 hours. (Bostock, ftd'mb. Med,. and Sure/. J. 1825, 
Jan. 1.) A grey colouring is produced even in 40,000 parts of water. 
(Geiger, Mag. Pharm. 11, 21.) According to Proust, dichloride of 
copper dissolved in hydrochloric acid precipitates calomel from solution 
of corrosive sublimate ; Gmelin, on the contrary, obtained nothing but a 
precipitate of dichloride of copper, easily soluble in hydrochloric acid; 
arsenious acid also docs not throw down calomel. 

12. Dry protochloride of mercury heated with caustic fixed alkalis 
(or alkaline carbonates) yields oxygen gas (and carbonic acid), a subli- 
mate of mercurv, and a residue of alkaline chloride. The aqueous 
solution forms with ammonia a white precipitate of amiclo -chloride of 
mercury ; with fixed alkalis in excess and even with the earthy alkalis 
it gives a yellow precipitate of mercuric oxide, or, if the quantity of 
alkali is insufficient for complete decomposition, a red-brown precipitate 
of mercuric oxychloride. A perfectly saturated solution of bicarbonate of 
potash or soda gives with corrosive sublimate a white precipitate which 
turns reddish in a few minutes, afterwards deep purple-red (Schindlcr), 
and consists of red mercuric oxychloride. (Winckler, Repert. 30, 250.) 
Magnesia likewise throws down mercuric oxide (Geiger, Mwj. Phurin. 
17, 65); if, however, the solution contains an excess of alkaline chloride, 
it is no longer precipitated by magnesia. (Mialhe, N* Ann. Cliim. Phys. 5, 
178.) Carbonate of magnesia in excess throws down a reddish-yellow 
precipitate. (Geiger.) The presence of various organic substances in 
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the solution of corrosive sublimate interferes with the precipitation, and 
alters the colour of the precipitate. In presence of strong acetic acid, a 
solution of corrosive sublimate docs not show any white turbidity with 
potash for a long* time ; moreover, it retains mercury in solution'. 
(A. Vogel, J. pr. Ohem. 29, 277.) In a solution of corrosive sublimate 
containing- a large quantity of sugar or gum-arabic, lime-water produces 
no precipitate (A. Vogel, N. Tr. 3, 2, 559; Sterler, Repert. 3, 105); or 
after soiiie time, a yellowish precipitate which gradually turns black. 
.(Fkshof, N. Tr. 4, 2, 453; Buchner, Repert. 3, 106.) 

13. Many organic compounds added to the aqueous solution, espe- 
cially if aided by light or heat, throw down either mercury or calomel. - 
Formiate of potash, at temperatures between 50 and 80, throws down 
calomel, but after continued boiling it precipitates metallic mercury, 
(v. Bonsdorff, Pogg. 33, 80.) Formiate of soda boiled [for a short, 
time 1 ?] with the solution, throws down finely divided calomel, but no 
metallic mercury. (Dobereiner, Ann. Pharm. 3, 142; Winckler, Jalirb. 
d. Pharm. 6, 250.) Monotartrate of potash and tartar-emetic preci- 
pitate calomel, even in the dark, and at ordinary temperatures; the 
application of heat, however, increases the precipitate. (Brandes, Ann. 
Pharm. 11, 88.) The solution of corrosive sublimate in hydrated alcohol 
(not in absolute alcohol or in ether) deposits calomel when exposed to 
sunshine. Corrosive sublimate immersed in oil of turpentine is not affected 
by light. (J.Davy, Phil. Trans. 1822, 35T; also tf. Tr. 10, 1, 188.) 
Boullay (A. Gefil. 2, 101) had previously obtained calomel with 
hydrated alcohol. The solution of corrosive sublimate in water dis- 
tilled from air-plants, deposits calomel in exposure to light. (Boullay.) 
Sugar boiled with a solution of corrosive sublimate precipitates calomel. 
(A. Vogel.) An aqueous solution of 1 pt. corrosive sublimate in 160 
pts. gum-arabic, becomes turbid in a few hours, and in 6 days yields a 
scanty grey deposit, which blackens by contact with ammonia; a similar 
effect takes place in a solution of corrosive sublimate mixed with decoc- 
tion of the yew-tree. One part of corrosive sublimate dissolved in 160 
pts. of sarsaparilla decoction, immediately exhibits a strong brown tur- 
bidity, and, in the course of 24 hours, the greater part of the corrosive 
sublimate is precipitated. The precipitate is blackened by ammonia. 
A similar reaction is exhibited with a solution of Succus Liqtdritiat or 
Extraction Trifolii fibrini, excepting that a much larger quantity of 
sublimate remains in solution. When a mixture of corrosive sublimate is 
gently ignited with moist charcoal, or with charcoal and oil of lemons, or 
with oil of lemons alone, or with sugar, or with bread, hydrochloric acid 
is evolved and metallic mercury separated. Dry charcoal does not 
reduce the mercury, even when hydrogen gas is passed over the mixture. 
(Nevins, Phti. Mag. J. 13, 431.) 

14. Oil of vitriol heated with protochloride of mercury converts but 
a small portion of it into mercuric sulphate, the greater part volatilizing 
undeconiposed. (A. Vogel, Schw. 32, 62 ; Mohr, Ann. Pharm. 31, 183.) 
According to J. Davy, no decomposition takes place. 

15. Protochloride of mercury dissolves in 1S'5 parts of water at 14 
(J. Davy), and in 2 or 3 parts of boiling water, forming a transparent 
and colourless solution. It dissolves in 630 parts of oil of vitriol, 
and in more than 500 parts of hot nitric acid of specific gravity 1-44! 
(J. Davy.) It enters into combination with hydrochloric acid, mercuric 
oxide, phosphide of mercury, sulphide of mercury, mercuric sulphate, 
iodide of mercury, amide of mercury, and with ammonia; likewise 
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with many basic metallic chlorides, forming chlorine-salts the CJiloro- 
kydrargyrates of Bonsdorff in which it plays the- part of an acid, and 
loses its power of reddening litmus. It dissolves in 3 parts of alcohol, 
4 of ether, and abundantly in volatile oils. . -. 

C. MERCURIC OXYCHLORIDE. 1 ... Formed by boiling protoxide of mer- 
cury in solution of corrosive sublimate. (Donovan, Grouvelle.) -1 part -of 
finely powdered mercuric oxide is boiled with a -solution of 1 pt, corrosive 
sublimate for about half an hour, till, in fact, the. oxide turns black; as 
the liquid cools, a small quantity of this compound still separates out. 
In this reaction, 540 pts. (1 At.) mercuric oxide take up 272*16 (2 At.; 
2 . 1 35 '4 =. 270* 8) of mercuric chloride, and form 812*16 pts. of oxychlo- 
ride. When 1 part of mercuric oxide is boiled with 4 parts of corrosive 
sublimate dissolved in water, the liquid froths up strongly, and the oxide 
changes colour but slightly even after two hours' boiling. (Kiihn, Schw. 
61,242.) When 324 pts. . (3 At.) oi mercuric .oxide obtained by pre- 
cipitation with potash, are boiled with a solution of 186 pts, (1 At.) of 
corrosive sublimate, nearly all the latter compound enters into combina- 
tion with the oxide, so that only 3 parts of oxide can be precipitated 
from the remaining liquid. The resulting crystalline compound is freed 
from any uncombmed oxide that may be mixed with it, by boiling with 
a mixture of 50 parts hydrochloric acid and a large quantity of water. 
(R. Phillips, Phil. Mag. Ann. 7, 130.) 2. By gently heating a mixture of 
4 [?] At. mercuric oxide with 1 At. corrosive sublimate, or exposing it to 
the air at ordinary temperatures, till it is converted into a crystalline 
compound. (Thaulow, J.-pr. Chem. 31, 370.) 3. By precipitating a 
solution of corrosive sublimate with a quantity of fixed alkali not suffi- 
cient to decompose it completely, and boiling the precipitated oxide for 
some time with the remaining solution. (Grouvelle, Ann. CMm. Phys. 
17 5 42.) 4. -By precipitating a solution of corrosive sublimate at ordi- 
nary temperatures with monocarbonate or bicarbonate of potash or soda. 
(Soubeiran, J. Pharm. 16, 662.) If the alkaline carbonate be added in 
excess, the resulting precipitate is a red powder, and the liquid contains only 
traces of mercury; a deficient quantity of alkaline carbonate produces the 
same red powder at first, but afterwards, small brown crystals, having 
exactly the same composition, are deposited. If the solution of corrosive 
sublimate be previously mixed with common salt, so as to produce the less 
easily decoinposible compound of chloride of mercury with chloride- of 
sodium, a white turbidity first makes its appearance, and afterwards tho 
compound gradually separates out entirely in brown crystals. The for- 
mation of these crystals may be accelerated by heat, inasmuch as tho 
excess of carbonic acid is then expelled from the alkaline bicarbonate, 
and its decomposing action on the chloride of mercury thereby prevented; 
but if the temperature be raised above 40, the precipitate becomes mixed 
with variable quantities of free mercuric oxide, and appears more mica- 
ceous, and of a deeper red colour. (Soubeiran.) 5. By boiling a solution 
of corrosive sublimate with carbonate of lime. (Phillips.) Even when 
the carbonate of lime is in great excess, part of the chloride of mercury 
remains undecomposed in the solution, in combination with chloride of 
calcium. Fragments of double refracting spar, immersed for some months 
in a solution of corrosive sublimate, form closely adhering crystals; 
pounded marble acts more quickly, and yields distinct crystals. (Phillips.) 
6. By passing chlorine gas through hot water in which mercuric oxide 
is diffused. In this manner, 100 parts of mercuric oxide yield 58 parts 
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,.. -, Thowfltpr is found to hold in solu- 

of a violet-brown crystalline powder T e J a f n ^ rcuric oxidc . (Braam- 
tiou protochloride of ^^^f ^f a to be formed by mixing 
camp & Siqneira. -The compound may aim temperatures; 

hydrate of chlorine with ^7',^^ is converted into black 
Lypochlorous add is then evolved, and the oxide .is rf 

chloride, ^urn.; /. -HX F ^ Mercury immersed in hypoclilorous 

]^J2^ T^ of * l8 i 

into aT o^Slole (Balard); probably into a mixture of the compound 
now under consideration with free mercuric chloride : 
6Hg + 3ClO =HgCl,3HgO + 2HgCl. 

This compound is likewise sublimed, on boiling a solution of mercuric 
oxidc in nitric acid containing hydrochloric acid. (Paisse, A. Md. 

Jj Small, brownish black, shining, somewhat transparent crystals, which, 
according to Phillips, have rhombic faces; or a red- brown powder. 
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HgCl,3HgO.. 459-4 .... 100*00 .... .... .... lOO'OO 

According to Kiihn, the compound is: 2HgCl,5PIgO; according to 
Thaulow: flgCl,4HgO; according to Grouvolle : HgCl,/>HgO; and 
according to Phillips : 2HgO,HgCl. Winckler, by precipitating corrosive 
sublimate with bicarbonate of soda, obtained a precipitate containing 
72*58 p. c, HgO, and 24'94 p. c. HgCl. 

^[ According to Roucher (2f. Ann. Chini. JPhys. 27, 35;}; ;ib.4r. 

Jahwsb. L. & K. 2, 283), the composition of the oxychloride formed by 

the action of corrosive sublimate on mercuric oxide, is different, ncronl- 

indyas^the red or the yellow modification of the oxide is used in its 

preparation, and likewise varies with the temperature and the nature of 

the solvent. At high temperatures, whether the red or yellow variety of 

the oxide be employed, and whether the chloride be used in the state of 

aqueous or of alcoholic solution, the products formed are invariably tho 

*mie,viz ., a black insoluble compound, HgCl,2HgO, containing Urn red 

oxMo. and a white, somewhat soluble substance, consisting of 2lI<r(Jl,II jrQ. 

At ordinary temperatures, the yellow oxide always produces the yd low 

compound HgCl,3HgO. The red oxide, digested in the cold with 'excess 

i 7' r ni V A S i f a i 6 dl l solved , eit]ier in ^ter or in alcohol, forms bh.c.k 

I.L'UiJHgO; but when the oxide is in excess, and the chloride is used in 
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Mercuric oxychloride is resolved, even below a red lieat, into oxygen 
gas, sublimed protocliloride of mercury, mixed with a small quantity of 
calomel, and a residue of mercuric oxide. The liberation of oxygen gas 
and calomel is produced by the chlorine abstracting a portion of the mcr 
cury which is in combination with the oxygen an effect which takes 
place to a greater extent, the more suddenly the compound is heated. 
100 parts of the compound thus decomposed, yield 20 parts of proto- 
cliloride of mercury, mixed -with a small quantity of calomel, and 80 
parts of protoxide (Braamcamp) ; according to Proust : 35 per cent, of 
sublimed protocliloride; according to Grouvelle: from 0*51 to 1*45 per 
cent, of oxygen gas, 34'93 to 34-35 of a sublimed mixture containing a 
large quantity of calomel, and a very small quantity of the protochloride, 
and a residue of 64*56 to 64-20 of oxide. The proportion of calomel to 
the protocliloride is variable, the latter often predominating. (Soubeiran.) 
According to Phillips, the compound, when heated above 106, gives 
off a small quantity of water, and afterwards a sublimate consisting, first 
of protocliloride of mercury, then of metallic mercury [probably because 
the residual oxide was decomposed by the heat] and calomel. The 
oxychloride heated to 'redness with potash, yields oxygen gas, mercury, 
and chloride of potassium. (Soubeiran.) Aqueous solution of potash 
separates all the mercury from it in the form of protoxide. Heated with 
an acidulated solution of nitrate of silver, it yields chloride of silver. 
(Soubeiran.) Heated to 150 J in a current of aunnoniacal gas, it Is con- 
verted, with formation of water, into a yellow compound of the oxide, 
chloride, and amide of mercury. (Ullgrcn, Po(/g. 42, 3J)4.) 

Mercuric oxychloride dissolves very sparingly in cold water, forming 
a solution which turns reddened litmus blue. (Guibourt, J. Chim. mcd. 
3, 370.) In boiling water it is somewhat more soluble, and crystallizes 
from the solution, on cooling, in dark brown, crystalline granules. 
(Donovan.) 

When an aqueous solution of corrosive sublimate is boiled with a 
small quantity of mercuric oxide, the latter dissolves, as was long- ago 
observed by Proust; the solution becomes turbid on cooling, and deposits 
mercuric oxychloride. 



D. CHLORIDE OP MERCURY AND IlyiwocwN, or ACID 

BATM op MERCURIC OXIDE. 135-4 ptw. (1 At.) of protochlorido of mer- 
cury dissolve at 23*3 J in 67*7 pis. (I At.) of hydrochloric- acid of Hpeeilic 
gravity 1/1 58, the solution being attended with rise of temperature, siwl a 
liquid being formed which hits a specific gravity of 2*412, and when 
cooled a few degrees, immediately solidifies in a pearly IUUHH made up of 
needles. This substance liquefies when hold in the warm hand, and on 
exposure to the air or on the application of hent, it gives oil" hydrochloric 
acid and water, and leaves protocliloride of mercury. (J. Davy, J'Jiil. 
Trans. 1822, 1361.) The crystals contain 2 At. of chloride of mercury 
and 1 At. hydrochloric acid. At a higher temperature, 1 At. hydroehlono 
acid dissolves 4 At, protochlorido of mercury, part of which is precipitated 
on the addition of water. (Boullay, Ann. (J/tim. Phys. 34, 24.'*.) 

E. CHLORATE OF MHUOUROUS OXIDE, or MERCUROT^S CHLORATE. 
Mercurous oxide dissolves at first in aqueous chloric acid, and the Fait 
afterwards separates in greenish yellow granules, having a faint metallic 
taste. On hot platinum, it deflagrates with a red Ihuno, giving oil* 
oxygen gas, and leaving a mixture of protoxide and protoeliloriue of 
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mercury. ' It is slightly soluble iu boiling water. ( Vauquelin, Ann. CMm. 
95, 103.) IT According to Wachter, (/. pr. Chem. 30, 321), this salt 
forms beautiful prismatic crystals, which are soluble in water and alcohol; 
when -heated, it gives off calomel, oxygen, and metallic mercury. Its 
formula is Hg 2 0, CIO 5 , IT 

F. CHLORATE OP MERCURIC OXIDE, or MERCURIC CHLORATE. 
1. Formed by dissolving mercuric oxide in gently heated chloric acid, 
and cooling the solution to the crystallizing point (Vauquelin.) 2. By 
heating mercuric oxide with successive portions of chlorine-water, filtering 
from the mercuric oxychloride thereby produced, and concentrating the 
filtrate by evaporation; crystals of corrosive sublimate are then deposited, 
and chlorate of mercuric oxide remains in solution. (Braamcamp & 
Siqueira.) Small needles, which redden litmus, taste like corrosive sub- 
limate, and when heated, are resolved into oxygen gas, protocliloride of 
mercury, calomel, and metallic mercury. (Vauquelin.) The salt does 
not deflagrate on red-hot coals, but sets fire to sulphide of antimony, 
when mixed with it at ordinary temperatures, and emits sparks when oil 
of vitriol is poured upon it, the acid at the same time acquiring a yellow 
colour. Deliquesces in the air. (Braamcamp <fc Siqueira,) 

G. PERCELORATE 03? MERCUROTJS OXIDE, or MERCUROUS PERCHLO 
TIATE. The solution of mercurous oxide in aqueous perchloric acid, 
yields, on evaporation, small prisms united in tufts; they are permanent 
in the air, and deflagrate on red-hot coals. Their solution gives a black 
precipitate with ammonia. (Serullas.) 

H. PERCHLORATE OP MERCURIC OXIDE, or MERCURIC PERCIILO- 
RATE. -Formed by saturating the warm acid with mercuric oxide, which 
does not neutralize its power of reddening litmus concentrating the 
filtrate strongly by evaporation, and leaving it to itself in the drying 
chamber at a temperature of 25. In this manner, transparent and 
colourless crystals are produced, having the form of rectangular prisms 
and tables. The salt is very deliquescent; its solution yields with 
potash, a reddish yellow, with ammonia, a white precipitate; and with 
alcohol, a white precipitate, which aggregates in the form of red mercuric 
oxide; the liquid filtered from the latter precipitate leaves on evaporation 
a mixture of mercuric and mercurous salt. (Serullas, Ann. Ghim. Phys. 
46, 306.) 

I. PHOSPHOCHLORIDE OF MERCURY. Formed by passing phos- 
phuretted ^hydrogen gas through the aqueous or alcoholic solution of 
protochloride of mercury : 



Pure phosphurettecl hydrogen gas is completely absorbed; the first bubbles 
often produce a blackish precipitate, which, however, soon turns yelloAv. 
If the air be excluded during the precipitation, and a part of the chloride 
of mercury be left undecomposed, the liquid will not contain either phos- 
phorous or phosphoric acid, but free hydrochloric acid, which, however, 
will not dissolve the precipitate. The whole of the mercury is precipi- 
tated, provided a sufficient quantity of phosphuretted hydrogen is passed 
through the liquid; the compound precipitated at the beginning of the 
action agrees exactly with that which is thrown down towards the end. 



MERCURIC SULPHOCHLOTttDE. b, 

The precipitate is quickly washed on the filter with cold water, till 'the 
liquid which runs through, no longer produces a turbidity in solution o 
silver; it is then pressed between bibulous paper, dried in vacuo over oil 
of vitriol, and kept in stoppered bottles completely filled with it. 

Yellow powder. When heated in a retort, it yields a large quantity 
of hydrochloric acid gas (sometimes mixed with hydrogen gas, with phos- 
phuretted hydrogen, and, especially if the heat be suddenly applied, with 
vapour of phosphorus), 77'59 per cent, of metallic mercury, and a residue 
of unfused phosphoric acid. It sometimes also gives off very small quan- 
tities of water, but only when it has not been perfectly dried. [Should it 
not, when dried as completely as possible, and carefully heated, be 
resolved merely into mercury, hydrochloric acid, and phosphorous acid? 

Hg 3 ? + SHgCl + 3HO = 6 Hg + 3HC1 + PO 3 .] 

When heated before the blowpipe, it exhibits at first a green phosphoric 
flame. When washed with water between 60 and 70, it turns grey from 
reduction of mercury, and by boiling with water is completely resolved 
into mercury, and a solution of hydrochloric and phosphorous acids free 
from mercury. The same decomposition takes place gradually at ordinary 
temperatures, when the powder is immersed in water or exposed to moist 
air. A strong solution of potash immediately blackens the yellow powder, 
and at a boiling heat separates all the mercury in the metallic state, and 
takes up hydrochloric and phosphorous acid. Hydrosulphuric acid gas 
passed through water in which the yellow powder is suspended, converts 
the latter into a black mixture of mercury, sulphide of mercury, and a 
small quantity of phosphide, which has escaped decomposition by the 
water; the latter decomposition, however, is the source of the phosphorous 
acid which, together with the hydrochloric acid, is contained in the watery 
liquid, The yellow powder heated with dilute nitric acid liberates nitric 
oxide, and is converted into 86*77 per cent, of calomel; the filtrate contains 
9 '20 per cent, phosphoric acid, and as much mercury and chlorine as cor- 
responds to 5'41 percent, of calomel, so that the total quantity of calomel 
amounts to 92-18 per cent. (H. Rose, Pogg. 40, 7/5.) 
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K. MERCURIC SULPITOCHLORIDE. 1. Obtained by precipitating a 
solution of corrosive sublimate with a quantity of sulphuretted hydrogen 
not sufficient to convert all the mercury into sulphide. The precipitate, 
which at first is black, brown, or yellow, from excess of mercuric sulphide, 
soon becomes white, especially on agitation, by taking up a larger quantity 
of chloride. 2. By precipitating all the mercury from a solution of cor- 
rosive sublimate with excess of sulphuretted hydrogen, and boiling the 
sulphide of mercury, while yet moist, with fresh solution of corrosive HU!H 
Innate in excess, till it turns white. Black sulphide of mercury previously 
dried, and likewise cinnabar, undergo no change when boiled with corro- 
sive sublimate. An excess of the black sulphide boiled, while yet moist, 
with solution of corrosive sublimate, robs the latter of all its mercury. 

White powder or friable mass resembling white precipitate. 

When slowly heated in a glass tube, it is resolved into mercuric 
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chloride and cinnabar, both, of which sublime, the chloride occupying the 
upper, and the sulphide the lower place. If a sudden heat be applied, a 
portion of the undecomposed compound mixes with the sublimed chloride, 
and remains behind when the latter is dissolved in water. When diffused 
through water, it is converted by sulphuretted hydrogen into black 
sulphide of mercury, with separation of hydrochloric acid. In aqueous 
solution of potash or soda, it turns black and gives up its chlorine, the 
action being accelerated by heat. The same effect is produced by solution 
of carbonate of potash or soda, excepting that these reagents act very 
slowly at ordinary temperatures. The compound heated in a current of 
chlorine gas yields chloride of sulphur and protochloride of mercury : 

2HgS,HgCl + 301 = SHgCl + S 2 CL 

It is immediately decomposed by boiling nitric acid, the greater part of 
the sulphur being converted into sulphuric acid. According to H. Rose 
(Pogg. 13, 59) it is not dissolved or decomposed by sulphuric, hydro- 
chloric, or nitric acid, either cold or hot, dilute or concentrated. (Comp. 
Pagenstecher, Repert. ?'3, 1.) 

H. Rose (mean). 

3Hg 300-0 .... 81-66 .... 81-70 

2S 32-0 .... 8*71 .... 8-76 

Cl 35-4 .... 9'63 .... 9-26 

2HgS,HgCl 3G7-4 ~ lOO'OO .... 199'72 

L. SULPHATE OP MERCUROUS CHLORIDE. Calomel (not corrosive 
sublimate) absorbs the vapour of anhydrous sulphuric acid, and forms 
therewith a translucent mass. (H. Rose, Pogg. 44, 325.) 

M. MERCURIC CHLOROSULPIIATE. Mercuric sulphate, which is 
not fusible by itself, forms a fusible compound with protochloride of 
mercury. (Mohr, Ann. Pharm. 31, 183.) 

N. PROTOCHLORIDE OF SULPHUR WITH BICHLORIDE OF MERCURY. 
CJdoroJiyposulfite mercureux. 1. Formed by very gently heating an inti- 
mate mixture of 94 pts. corrosive sublimate and 6 sulphur in a porcelain cap- 
sule covered with a funnel, the vessel being from time to time taken off the 
fire, in order to remove the crystalline film which collects on the surface 
of the liquid. Only a very small quantity of chloride of sulphur escapes 
during the process. 2. Calomel powder is mixed with [proto- 1 ?] chloride 
of sulphur to the consistence of a paste, and the mixture placed for 
24 hours in a close vessel, after which it is gently heated; the excess of 
chloride ^of sulphur escapes first, and subsequently the residue turns red 
and sublimes. 3. "When a mixture of protochloride of mercury and penta- 
sulphide of arsenic is heated in a retort, terchloride of arsenic passes over 
first, and afterwards mercurous chlorohyposulphite sublimes in very regular 
crystals, protosulphide of mercury being formed at the same time : 

7HgCl + AsS 5 = AsCF + 3%S + 2(Hg 2 Cl,SCl). 

Pale rectangular prisms and needles, sometimes with the longer lateral 
edges truncated. When heated, they fuse into a brown liquid, which 
boils and evaporates without decomposition. Water immediately extracts 
protochloride of mercury from it, separating the sulphur in the form of a 
granular powder. (Capitaine, J. Pharm. 25, 525, and 566; also J. pr. 
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Capitaine. 
2Hg ........................ 200-0 .... 69-74 .... 69'00 

S ............................ 16-0 .... 5-58 .... 5-65 

2C1 ........................ 70-8 .... 24-68 .... 24-67 

Hg 2 Cl,SCl ............ 286-8 Z 100-00 ~. 99-32 

. O. MERCURIC CHLORIODIDE. Hgl, 2HgCl. Formed by adding^ prot- 
iodide of mercury to a boiling aqueous solution of corrosive sublimate, 
^/s ^oiig- as it dissolves, and leaving the compound to crystallize by 
oopling. White, indented, fern-like lamina. The aqueous solution ^of 
-this compound mixed with sal-ammoniac and carbonate of soda, deposits 
<uj7i<it,<3. precipitate^ while iodide of sodium remains in solution. (Liebig, 
jSchw. 49, 252.) 

A. solution of corrosive sublimate completely saturated with iodide of 
mercury deposits, on cooling, nothing but a yellow powder, containing 
^4-3 ,5 pts. (1 At.) of protiodide of mercury, and 35'85 pts. (1 At.) proto- 
oliloride ; this substance soon decomposes spontaneously, assuming the red 
colour of protiodide of mercury. If, on the other hand, the solution of 
corrosive sublimate is less completely saturated with iodide of mercury, it 
fie posits, on cooling, first the yellow powder, and afterwards pale yellow 
, which likewise turn red. (P. Boullay, Ann. Ckim. Phys. 34, 340.) 
(N. J. Pharm. 4, 15) occasionally obtained a similar compound, 
partly in red crystals, partly in yellow crystals, which soon 
red; these crystals contained chlorine as well as iodine. 
-A. solution of corrosive sublimate saturated in the cold with iodide of 
yields, on evaporation and cooling, colourless needles, containing 
>G*OT parts (40 At.) of corrosive sublimate and 3 '03 (1 At.) of mercuric 
otlido. (Lassaigne.) On adding solution of corrosive sublimate to an 
,q[ueous or alcoholic iodine-solution, till the latter is nearly decolorized, 
^xid e vapor at ing at a gentle heat, the liquid on cooling deposits white, 
II Icy needles, united in feathery tufts, perfectly volatile without docom- 
>osition when heated, and containing 07'88 pts. (40 At.) of protoehlorido 
f mercury to 2-12 pts. (1 At.) of iodine [doubtless in the form of mer~ 
o.i"i<3 iodide; tho chlorine liberated from tho corrosive Hublimate by the 
xlino probably formed chloride of iodine]. If the iodine iw in excess, tho 
.oodlotd aro reddish, from admixture of mercuric iodide ; they in ny be freed 
roin tliLs impurity by Holutiou in water and filtering. Tho aqueous 
r>lntion of the ncedle.s ^ives, in general, tho renetioiiH of corrosive tsubli- 
isi,tc3 with ainniouia., it yields a yellowish white precipitate, which in 
imo turns brown. The solution gives no blue colour with .starch, even 
11 tin* n,d<lition of chlorine or .sulphurous acid. (Lassai^ne, Ann. Ckim, 
V^.y/.s-. <>3, 1 Of) ; also ,/. Qhim. M.('d. 1,% 11.) [ May not LaH.sai^ne'H osti- 
n. of the iodine bo too low, and may not hLs crystals be identical 
tlioso obtained l>y Liobig'/] 

MlOHCURV AND Pu 



OK MioiuJiiRVj or MioiKJiriious FLUORJDR.- Thin roin- 
onn<l HublinKis, mixed with calomel, when calomel in heated with fluoride 
f wodiuiii. White, insoluble in water. It iu not produced on suhlimin^ 
rotc>fliiori<le of mercury with metallie nieroury; neither does hydrofluoric 
oicl j>rodnoo any turbidity in solution of mercuroiiH nitrate; even when 
lio mixture i.s evaporated over inorctiry, nothing but the nitrate 

out. 
voi*. vi. p 
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I B. PROTOFLUORIDE OF MERCURY, or MERCURIC FLUORIDE. Finely 

1 pulverized' mercuric oxide forms, with rather strong hydrofluoric add, a 

I IHit orange-yellow powder, soluble without colour in a larger quantity 

; of waterf with a more dilute acid, the oxide forms at once a colourless 

*' solution. From this solution, the mercuric fluoride crystallizes, on evapo- 

I ration, in dark yellow prisms, (Gay-Lussac & Thenard, Berzelius.) The 

conijKiund, when heated in a platinum vessel, partly sublimes undecom- 

\ posed iii small, light yellow crystals; but the remaining brown mass 

| contains fluoride of platinum, and forms a brown solution with hydro- 

chloric acid. This solution gives with ammonia a dark brown precipitate,, 

which fumes when ignited, and leaves metallic platinum. When mercuric 

fluoride is sublimed in glass vessels, almost complete decomposition ensues, 

gaseous fluoride of silicium being evolved, and mercury set free. The 

compound forms a white double salt with ammonia. With water, it is 

* resolved into an insoluble yellow basic salt, and a colourless solution of 

t acid kt/drofiuate of mercuric oxide, which has a very sour taste, and, 

I on evaporation, again yields crystals of mercuric fluoride. (Berzelius, 

I Fogg, i, 33.) 

I C. MERCURIC SULPHOFLUORIDE. Formed by passing through the 

f ;' solution of mercuric fluoride in aqueous hydrofluoric acid, a quantity of 

sulphuretted hydrogen not sufficient to convert all the mercury into 
i sulphide. It may also be obtained by treating the solution of mercuric 

oxide in hydrofluosilicic acid with sulphuretted hydrogen, but- the precipi- 
tate then contains a small quantity of silica. 

After drying at a gentle heat, it forms a heavy white powder, still 
containing water; but by long drying at a higher temperature, it is con- 
verted into a yellowish-white, anhydrous powder, which timia white 
again when moistened. 

a By boiling water it is resolved into soluble fluoride of mercury arid 
insoluble sulphide, mixed, however, with a small quantity of basic hydro- 
fluate of mercuric oxide. When heated in a glass tube, it is converted 
into gaseous fluoride of silicium [oxygen gas], mercury, and .sulphide of 
mercury. Cold solution of potash turns it red, the hot .solution black. 
U ith hot oil of vitriol it yields vapour of hydrofluoric acid and the com- 
pound of mercuric sulphate with protosulphide of mercury (p. 32). It is 
not decomposed by hot hydrochloric or nitric acid. (PI. Hose Soyy'. 1 3, 6 ) 
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2HgS,HgF 350-7 .... lOO'OO 



drying the compound, Rose's estimation of the 



MERCURY AND NITROGEN. 

A. NITRIDE OF MERCURY H<W T f ^ 

ciinc oxide precmififpfl f ' m tnis compound, mor- 

then well wished and driec UsXeTi ^T^ \* ** ? M > and 
p:i>->etl over it in the cold ' till fl - f ' dr ^ au n<>nisical gas 
pro'liiet is then crradually heated to 150^- W Com P letel y saturated ; the 
t^e gas being stiil continued, as lon^ as wat? ^ " bath - tlllft tin - uunn>A " p 



The nitride of mercury thus obtained, is always mixed with globules of 
mercury, e^ren when it has heen heated above 120, The metallic mer- 
cury may be removed by means of cold dilute nitric acid, after which the 
nitride is to be washed and dried, When ammoniacal gas Is passed over 
mercuric oxide previously heated to a temperature between 1 0(P and 
200 \ till water is no longer given off, nothing is obtained hut a blackish- 
grey mixture of mercury, mercurous oxide, and a small quantity of nitride 
of mercury. On treating this mixture with dilute nitric acid, there are 
obtained, besides metallic mercury, cinnamon-brown curdy flakes, pro- 
bably consisting of nitride of mercury combined with nitrate of mercurous 
oxide; when heated, they explode slightly, giving off nitrous fumes, and 
perhaps also nitrogen gas, and likewise yield metallic mercury and a 
sublimate of mercurous and mercuric nitrate. 
Bark flea-brown powder : 

3Hg .................... 300 ,.., 95-54 

N .......... ; ............. 14 .... 4-46 



314 100-00 



This compound deflagrates with a white flame bordered with bluish- 
purple; the explosion is strong enough to break glass and porcelain, 
being in fact almost as violent as that of iodide of nitrogen. These effects 
are produced when the substance is struck with a hammer, or rubbed 
with a glass irocl on a watch-glass, which is then perforated with a round 
hole. The compound likewise explodes hy heat or by contact with oil of 
vitriol, a white powder remaining in the latter case. To produce the 
explosion, ho \vever, requires a harder hlow and a much higher tempera- 
ture than in "the case of iodide of nitrogen. Nitride of mercury carefully 
and intimately mixed with oxide of copper and heated, yields nitrogen 
gas and mercury, but no water. Treated in a similar manner with hydrate 
of potash, it yields ammoniacal gas and sublimed metallic mercury [and 
oxygen gas?] without detonation. Concentrated nitric acid at 40 
dissolves it, forming a solution of nitrate of ammonia and nitrate of 
mercuric oxide. Dilute sulphuric acid acts upon it at a boiling heat, 
forming a solution of sulphate of mercuric oxide and ammonia, whilst a 
small quantity of yellow terbasic mercuric sulphate remains undissolved. 
Hydrochloric acid forms sal-ammoniac and protochloride of mercury, 
together with a small quantity of calomel. (Plantamour, N~. Bibl. univers. 
32, 339; also Ann. fharm. 40, 115.) 

B. AMMONIUM-AMALGAM, A compound of excess of mercury with 
ammonium (NTH 4 ). Simultaneously discovered by Berzclius and Pontin, 
and by Seebeck. Formation. 1. By electricity.- a. By placing strong 
ammonia in the circuit of the voltaic battery, the negative pole being 
formed of mercury in contact with the ammonia. (Berzelius & Pontin, 
Gilb. 6, "260; I. 458.) b. By electrifying in a similar manner a. cup of 
carbonate of ammonia (or liydrochlorate : //. Davy ; or sulphate : Gay- 
Lussac & Thfinard; or phosphate) filled with mercury, connected with 
the negative polar wire, and resting upon a metal plate in connexion 
with the positive pole. (Seebeck, A. Gehl. 5, 482.) Oxygen, gas or 
chlorine when liydrochlorate of ammonia is used is evolved at the 
positive, but scarcely any gas at the negative pole. (I. 460.) 2. By 
bringing the axnalgam of potassium, sodium, or barium in contact with a 

F 2 
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moistened ammoniacal salt or its aqueous solution, or with strong aqueous 
ammonia. (H. Davy, Phil. Trans. 1808, 353; 1810, 55; also Gilb. 33, 
246 j 37, 183): 

^Hg,K + NH 8 ,HC1 = *Hg,NH 4 + KC1. 

Ammonium-amalgam thus prepared retains a small quantity of potassium 
or sodium, which renders it more durable. (H. Davy.) Sodium-amalgam 
acts more powerfully on sal-ammoniac than potassium-amalgam. The 
best mode of preparation is to heat 1 part of sodium with 100 parts of 
mercury under rock-oil, till the amalgam forms, set it aside till needles 
shoot out from it; pour off the portion which still remains liquid; place 
the needle-shaped amalgam in a watch-glass ; and pour upon it a thin 
stratum of saturated sal-ammoniac (carbonate of ammonia does not act so 
well). (Bbttger, J. pr. 0/iem. 1, 302; 3, 281.) 

In all these cases, the mercury swells up to five times its original 
bulk (Gay-Lussac cSc Thenard, Eechercfm, 1, 52; also Gilb. 35, 133; 36, 
217); eight or ten times, according to Davy; twenty times, according to 
Bottger. When cooled below 0, the amalgam solidifies, and crystallizes 
m cubes. (H. Davy.) When cooled to a very low temperature by a 
vaporizing mixture of solid carbonic acid and ether, it contracts, without 
giving off gas, and becomes brittle, exhibiting a dark grey, faintly lustrous 
fracture, and in this state remains undecomposed, but gives off gas as it 
liquefies. (Grove, Phil. Mag. J. 19, 98; also Pogg. 49, 210.) At ordi- 
nary temperatures, the amalgam has the consistence of blotter, and the- 
colour of mercury; it is lighter than water, and when obtained by (1, a) 
exhibits an arborescent, crystalline structure. (Berzelius.) 

Ammonium- amalgam, when left to itself, separates spontaneously into- 
liquid mercury, and a mixture of 2 vols. auimoniaoal gas and 1 vol. 
hydrogen. 

The amalgam formed by electricity resolves itself into 1 vol. mercury, 
4 vols. ammoniacal gas, and 2 vols. hydrogen. (H. Davy.) [This makes, 
by weight, 17 ammonia and 1 hydrogen to 75333 mercury, or 18 parts 
(1 At.) ammonium to 75333 (753 At.) mercury.] The amalgam pre- 
pared by means of potassium, the volume of which amounts to five times 
that of the mercury used, yields, on decomposition, 1 vol. mercury to 
3 1 47 hydrogen and 8' 67 ammoniacal gas or, by weight, 1 part nitrogen 
and hydrogen to 1800 mercury. (Gay-Lussac & Thenard.) 

In ammonium-amalgam cooled to a very low temperature by carbonic 
acid, this decomposition does not take place (Grove); but at 29, it is as 
rapid as at ordinary temperatures. (H. Davy.) The amalgam obtained 
by the electric method decomposes as soon as it is taken out of the 
voltaic circuit (Berzelius) ; that which is prepared with potassium or 
sodium remains undecomposed for a longer time, because it still retains a 
portion of these metals. It resists decomposition longest when kept in a 
vessel filled with hydrogen. (Berzelius.) The decomposition takes place 
even under a fixed oil. (H. Davy.) It is accelerated by agitating the 
amalgam, either alone or with mercury, also by contact with rock-oil, and 
still more with alcohol or ether. (Gay-Lussac & Thenard.) 

"When the amalgam decomposes in the air, the same phenomena a.re 
produced, and are not accompanied by absorption of oxygen or formation 
of carbonate of ammonia. In water it is resolved into mercury, aqueous 
ammonia, and hydrogen gas ; in oil of vitriol, into mercury, sulphate of 
ammonia and sulphur. (H. Davy.) 



MERCUROUS NITRATE. 

C. NITRITE OF MERCUROUS OXIDE, or MERCUROUS NITRITE. - 
aqueous solution of mercurous nitrate absorbs a large quantity of mt_ 
gas, and forms a solution of mercurous nitrite, while a portion of tlie 
nitrite is deposited in the crystalline form. (Peligot, Ann. Chim. Pkys. 
54, 25.) -When, therefore, strong nitric acid is made to act upon mer- 
cury in a sealed glass tube, with the view of producing liquid nitric 
oxide (II. 377), the pressure never rises above two atmospheres. (Nie- 
mann, 1ST. J3r. Arch. 4, 25.) 

According to C. G. Mitscherlich, a lemon-yellow., sparingly soluble 
basic salt is obtained by gently heating crystallized mercurous nitrate 
either alone or over mercury, or by boiling the aqueous solution of that 
salt with mercury till the liquid acquires a deep yellow colour. 

IT According to Lefort (^V". J. Pharm. 8, 5), mercurous nitrite is always 
produced together with the nitrate, and likewise with the nitrite and nitrate 
of mercuric oxide, when mercury is acted upon by very strong nitric acid. 
According to Gerhardt, on the contrary, the nitrite of mercurous oxide 
does not exist, or, at least, has not yet been obtained, and the salt 
sometimes described as such is really a nitrate of mercuroso-mereuric 
oxide. (73.) It has also been stated that mercurous nitrite is formed by 
the action of hyporiitric acid vapour on metallic mercury. Gerhardt, how- 
ever, finds that the only products of this action are morciirous nitrate 
and nitric oxide : 



D. NITRATE OF MERCUROUS OXIDE, or MKRCUKOITS NITRATE. > 
Subnitrate of Mercury. a. Bibasic. 1. Formed by washing the wjsqtii- 
basic or monobasic nitrate repeatedly with cold water, till it haw acquired 
a light lemon-yellow colour. This colour is more quickly produced by 
boiling the salt with water; care must, however, be taken not to change 
the liquid too often, and to stop the process as soon as a grey colour 
(arising from the presence of metallic mercury) begins to make- its 
appearance among the yellow. The addition of potash to the water 
increases the quantity of bibawic wait, but impairs its colour and rondoi'H 
it less pure. (Kane.) 2. The same salt separates in yellow crystals of 
the size of needles' heads, when a solution of morouroiiH nitrate is left to 
stand for a long time [over mercury]. (Kane.) The Halt, who.u heated, 
gives off red vapours and drops of nitric acid [heoaiiHO it contains water], 
and leaves a residue of mercuric oxide. By long boiling with water, it 
is converted into a grey powder, consisting principally of globules of" 
mercury, while the water takes up mercuric nitrate. (Kauo, Ann. (/him. 
2*hys. 72, 252.) The grey powder obtained by treating thin salt with a 
quantity of potash not suflicicnt to decompose it completely, is not a 
peculiar basic salt, as Donovan supposes, but a mixture of the yellow salt 
with mercurous oxide. (Kane.) 

Kami. Donovan. Mnrigtuic. 

aT"" (2) (i) 

4TIg ........................ 400 .... 83-51 .... 83-12 .... 83-28 ) att , I 83M2 

20 ....................... 10.... 3-34 .... .... J HB " f) { 2-H3 

NO 5 ........................ 51 .... 11-27 .... .... 11-01) 

HO ........................ 1) .... 1-8H .... ... 2'()(i 



2LIg 2 O,NO r ' + Aq. 479 ... .100-00 .... .... 100-00 

On boiling the monobasic salt with water till tho residue turns grey, 
and evaporating the filtrate, which contains but a mere trace of mercuric 
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salt, small, lemon-yellow, shining crystalline scales are produced, contain- 
ing both dioxide and protoxide of mercury. This salt is perhaps identical 
with that examined by Kane. (Fid. sup.) It decomposes and turns 
black when boiled with water. Baryta- water converts it into a black 
powder, which, when treated with hydrochloric acid, yields calomel and 
a solution of corrosive sublimate; with cold hydrochloric acid, it slowly 
yields calomel, and then dissolves completely; hot hydrochloric acid 
dissolves it more quickly. 

"When the sesquibasic or monobasic nitrate is treated with a smaller 
quantity of cold water, a white powder is obtained, which, however, on 
being washed with a fresh quantity of water, is converted into the yellow 
salt a. (Kane.) 

^ a'. 5 At. Base to 3 At. Acid? 1. Formed by boiling the solution 
or the mother-liquid of either of the two following salts, I or c, with 
excess of mercury for several hours the water being replaced as it 
evaporates and then leaving it to cool; or by leaving the crystals of 
b or c in contact with their mother-liquid and with metallic mercury, at 
ordinary temperatures. (Marignac, N. Ann. Chim. Phys. 37, 328.) 

2. By diffusing the monobasic nitrate through a small quantity of water, 
and heating to the boiling point. (Gerhardt, Ann. Pharm. 72, 77.) 

3. By heating dilute nitric acid to a temperature between 40 and in 
contact with mercury. 4. By mixing a solution of the monobasic salt c 
with bicarbonate of potash, till a precipitate is produced, separating the 
liquid from that precipitate, and leaving it to crystallize by evaporation. 
5. By evaporating to dryness the product obtained on treating excess 
of mercury with strong nitric acid, and digesting the residue in boiling 
water. (Lefort, N. J. Pharm. 8, 5.) Large, shining, oblique rhombic 
prisms, belonging to the doubly oblique prismatic system ; colourless, or 
exhibiting a mere tinge of yellow. (Mariguac, Gerhardt.) 



lOHg 


1000 .. 


.. 81-97 


Marignac. 
81-92 


Gerhardt. 
81-9 to 82-2 


5O 


40 .. 


3-27 


3-27 




3N0 5 


162 .. 


13-28 


13-11 




2HO 


18 


1-48 


1-70 


2-0 2-2 













1220 .... lOO'OO .... 100-00 

Opinions are divided respecting the true formula of this salt. It will be 
seen that the analytical results obtained by Gerhardt and Marignac agree 
very closely, and are likewise very near to the numbers calculated from 
the formula above given. Accordingly, Marignac regards this formula as 
the true one. Gerhardt, on the contrary, supposes that the crystallized 
salt is bibasic, ('2Hg 2 0,N0 5 + Aq.) identical, indeed, in composition with 
the yellow powder a, which he considers to be merely an amorphous 
variety of it; in fact, he is of opinion that the determination of the 
mercury in the preceding analysis is too low, because a perceptible quan- 
tity of mercury is always lost in the analysis. This loss Gerhardt esti- 
mates at about 1 or 1-5 per cent, in all mercury determinations. If this 
be admitted, and the per centage of the mercury increased accordingly, 
the result will be very near to the per centage required by the formula : 
2Hg 2 0,NO 5 -f HO. It must, however, be observed, that such an error 
would affect the analysis of the yellow powder a, as well as that of the 
crystals; and, nevertheless, Marignac finds in the former a larger per 
centage of mercury than in the latter. Moreover, the per centage of 
nitrogen (determined by a process similar to that recommended by Dumas 
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for the analysis of azotized organic compounds that is to say, by i 
the salt in a tube, passing the vapour over finely divided metallic copper 
and collecting the nitrogen over mercury) is found to be greater in. the 
crystals than in the powder a result which is, of course, independent of 
any error in the determination of the mercury. On the whole, then, it 
appears probable that Marignac's formula for the crystallized salt is 




; assigns to these crystals the iormula : zHg-UjNCP-f 2HO 
differing from that of Grerhardt only in the quantity of water; for the sura 
of the quantities of water and mercury in the crystals he finds from 85-6 
to 85*4 p. c.; Gerhardt's formula requires 85*4. IT 

b. Sesquibasic. 1. Formed by placing excess of mercury for a con- 
siderable time in contact with cold dilute nitric acid, till the crystals of 
the monobasic salt which form at first, are gradually dissolved and 
replaced by those of the sesquibasic salt. 2. By heating the monobasic 
salt with mercurous oxide, and with water mixed with nitric acid. The 
crystals obtained by (2) have the same composition as those obtained by 
(I), but a different form, exhibiting therefore a case of dimorphism,' 55 " 
(C. G-. Mitscherlich.) 3. By placing 2 pounds of mercury in a flat- 
bottomed flask, standing on a thick metal plate, so that it may not be 
over-heated, and covering the mercury with nitric acid of the ordinary 
commercial strength. In the course of 24 hours, the whole is converted 
into large crystals of the salt 6, and a small quantity of mother-liquid. If, 
instead of the crystals, a warty mass should be obtained, this mass mnsfc 
he dissolved in the smallest possible quantity of water acidulated witK 
nitric acid, and the solution left to evaporate in the hot air chamber. 
Large crystals then form in the course of two days; they are left to drain 
upon a funnel, and then washed with a small quantity of nitric acid. 
(Mialhe, J. Pharm. 22, 588.) ^ 4. The solution of mercury in warm 
dilute nitric acid, which generally yields the neutral salt, sometimes 
deposits prismatic crystals of the sesquibasic salt; these, however, when 
left in the solution for some time, become changed into the neutral salt. 
(Gerhard t.) 5. By beating the crystals of the nornuil salt with the 
mother-liquid from which they have separated, and with excess of mei> 
cury, and leaving the solution to crystallize by cooling; this method, 
however, often yields crystals of the --basic salt a. (Marigmic.) 6. By 
"boiling ] pt. nitric acid of specific gravity 1'42 with 5 pts. water and 
excess of mercury for five or six hours, and replacing the water as it 
evaporates. If the boiling be not continued long enough, crystals of the 
salt b are deposited. (Leforfc.) IT 

Large, transparent, and colourless prisms. The crystals dissolve 
without decomposition in a email quantity of water; but when treated 
with a large quantity of water, either cold or hot, they are resolved into 
the yellow .salt a and a soluble acid salt. When triturated with common 
salt and with water, they yield a filtrate free from mercury, and a greenish 
powder, which may be regarded as a mixture of calomel and mercurous 
oxide. (C. G. Mitscherlich.) 

T| * This statement respecting the dimorphism of the sesquibasic salt is contra- 
dicted by Gcrhardt, who suggests that Mitsc.herlich may have confounded it with the 
bibasic (or (j-basic) salt a', with which he was not acquainted in the crystalline form. 
In fact, the proress by which Mitscherlich obtained his second modification of the sesqui- 
basic salt is exactly that by which the salt a' may be prepared. Moreover, the propor- 
tions of mercury in the two salts differ but little. 
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Crystallized. 
624 .... 82-22 


C. G. Mitscherlich. 

(1) (2) 
82-09 .... 82-83 


2N0 5 


108 .... 14-23 


14*21 .... 14-19 


3HO 


27 .... 3-55 


3'70 .... 2-98 


3Hg 2 0,2N0 5 + 3A 
3Hg 2 


q . 759 .... 100-00 .... 

^ According to Gerliardt. 
Calculation. 
624 .... 84-21 


100-00 .... 100-00 

Experiment. 
82-2 to 82-5 


2NO 5 


108 .... 14-58 




HO 


9 .... 1'21 


1-9 



3Hg 2 0,2N0 5 -fAq. 741 .... lOO'OO 



4Hg*0 
3NOI... 
HO 



According to Marignac. 

Calculation. 
832 .... 82*95 
162 .... 16-15 

9 .... 0-90 



Experiment. 

82-5 

4-2 to 4-5 
1-1 1-3 



Aq. 1003 .... 100-00 

In determining the formula of this, as of the preceding salt, Gerhardt 
makes an allowance of about 1'5 per cent, for loss of mercury in the 
analysis. 

Lefort assigns to the sesquibasic salt, the formula, 3 Hg 2 0,2 NO 5 + 2^ Aq. j 
he gives, however, for the sum of the quantities of water and metallic 
mercury contained in the salt, 82-5 to 82*6 per cent., a result agreeing 
very nearly with Gerhardt's formula, which requires 80 '9 per cent. Hg 
-f V3 Aq.= 82'2. 1T Kane regards the crystals as a compound of the 
salts a and c. = (2Hg 2 ; N0 5 +Aq.)H-Hg 2 0,N0 5 + 2Aq. 

c. Monobasic. Formed by placing excess of mercury in contact witb 
cold dilute nitric acid, till short prisms are produced. These, if left in 
the solution for a long time, are converted into the larger crystals of the 
salt b. (C. G. Mitscherlich.) 2. By dissolving mercury in moderately 
strong nitric acid; evaporating the solution, which likewise contains mer- 
curic salt, to dryness; triturating the residue with mercury and water in 
a warm mortar, till the fluidity of the metal is destroyed; "then dissolving 
in hot water slightly acidulated with nitric acid; filtering, and cooling the 
liquid to the crystallizing point. (Bucliolz.) Short, transparent/' and 
colourless prisms. (C. G. Mitscherlich.) t Rhombic tables derived from 
an oblique prism with rhombic base, belonging to the oblique prismatic 
system. The first crystalline deposit often consists of right prisms of the 
salt b: but these, when left for some time in the acid mother-liquid, arc 
converted into the rhombic tables of the neutral salt. The lateral cd-cs 
of these crystals are sometimes replaced by broad faces, whereby they arc 
converted into six-sided prisms. (Gerhardt.) IT 
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Crystallized. 
208 .... 74-29 
54 .... 19-29 
18 .... 6-42 



C. G. Mitsc-lierlicli. 

73-78 

19-57 

-G5 



Hg 2 0^0 5 + 2Aq 280 

Lefort assigns to this salt the formula 

Jtie salt, when heated, . 
residue of mercuric oxide : 



100-00 



100-00 



MERCURIC NITRATE. 7- 

Hg 2 O,NO 6 = 2HgO + NO 4 . 

When thrown on red-hot coals, it detonates slightly, but with a bright 
flame. Mixed with phosphorus, it detonates violently when struck with 
a hot hammer. (Brugnateili, Ann. Chim. 27, 74.) When it is triturated 
with common salt, and the mixture exhausted with water, the filtrate 
contains neither mercury nor free acid, and the residue on the filter con- 
sists of pure white calomel. (C. Gr. Mitscherlich.) It dissolves completely 
in a small quantity of warm water. When treated with a larger quantity 
of water, it is resolved into a soluble acid salt and the insoluble salt 6, 
which, by a still larger quantity of water is converted into the salt a, and 
then further decomposed. According to Proust, the insoluble residue pro- 
duced by the action of hot water amounts to 36 or 37 per cent.; according 
to Grouvelle, cold water leaves a residue of 15-3 per cent. In water con- 
taining a small quantity of nitric acid, the monobasic salt dissolves com- 
pletely, yielding a solution of the acid salt c. 

d. Acid Mercurous Nitrate. Solutio Mercurii frigide parata. 
1. Formed by dissolving the salt & or c in warm water, acidulated with a 
small quantity of nitric acid. 2. By leaving excess of mercury for several 
months in contact with very dilute nitric acid. 3. By boiling excess of 
mercury with very dilute nitric acid. The solution prepared by this 
method is more likely to contain mercuric salt. 4. By dissolving mer- 
cury in hot concentrated nitric acid, evaporating to dryness, triturating 
the residue with excess of mercury till the fluidity of the latter is 
destroyed, and dissolving in warm water slightly acidulated with nitric 
acid. (Bucholz.) Colourless liquid, which deposits crystals of the salt c 
in the cold. The skin wetted with the solution and exposed to light, 
acquires a purple stain, which afterwards turns black. The solution of 
this salt, when exposed to the air, takes up oxygen and is converted into 
mercuric nitrate; the same change is produced by continued boiling, mer- 
cury being then given off together with the water. (Proust.) With 
hydrocyanic acid, it yields a precipitate of metallic mercury (Scheele, 
Opusc. 2, 165), cyanide of mercury being formed at the same time. 
(Fr. John, Ann. Pharm. 21, 149.) The supernatant liquid contains 
cyanide of mercury, nitrate of ammonia, and carbonic acid. (Deschamps, 
J. Pharm. 25, 22.) The decomposition probably takes place according to 
the following formula : 

6HgO,NO B + 5ONH = 8IIg + 4(Hg,C s N) + NH 3 N0 5 + 5NO 5 + 2CO* + 2110. 

The formula given by Deschampa is not correct. (For the other reactions 
of the solution of mercurous nitrate, vid. Mercurous Salts^ pp. 6, 7.) 

IT D'. MERCUROSO-MERCURIC NITRATE. When a solution of mercu- 
rous nitrate is evaporated in a basin, the edges of the vessel, where the 
heat is the greatest, become covered with a light yellow salt, the formula 
of which is Hg 2 0,N0 5 + 2HgO. (Gcrhardt.) A salt having the same 
composition had previously been analyzed by Brooke. The same coin- 
pound is formed, with evolution of nitric oxide, when monobasic mer- 
curous nitrate is fused. This is the salt which Lefort and C. G. Mitscher- 
lich regard as mercurous nitrite ; it cannot, however, contain nitrouw acid 
because \vhen treated with strong oil of vitriol, it evolves notliui"- but 
nitric acid, and, moreover, hydrochloric acid converts it into the insoluble 
dichloride and soluble protochloride of mercury. (Gcrhardt.) IT 
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E. NITRATE OF MERCURIC OXIDE,, or MERCURIC NITRATE. 
a. Stxbttic. Formed by boiling the yellow salt b with water. The 
nitric acid is not completely removed, even by several hours' boiling, but 
it gradually diminishes in quantity. (Kane.) According to Murray, 
also, lone- boiling with water does not separate pure mercuric oxide, but 
according to C. G. Mitscherlich it does. Brugnatelli had previously 
recommended the boiling of mercuric nitrate with water as a means of 
obtaining the oxide; but the process is costly and uncertain, and Dobe- 
| rciner, who tried it, obtained but a very small product. The sexbasic 

'I nitrate is a brick-red powder which, when heated, gives off red vapours 

together with a trace of water, and leaves pure mercuric oxide. (Kane, 
Ann. Ckim. Phys. 72, 236.) 

Kane. Grouvelle. 

6Hg 600 .... 85-47 .... 86*17 ) ^ . 

60 48 .... 6-84 .... J 8b ' J7 

NO 5 54 .... 7-69 .... .... 11-03 

6HgO,N0 5 702 .... 100-00 Z .... lOO'OO 

Grouvelle treated his salt (which was probably the qnadro basic nitrate 
and which Kane regards as a mixture of a and b) with boiling water for 
a short time only; when boiled for a longer time, it gives off acid, and 
according to the same authority, turns red-brown. ; 

6. Terlasic. Remains behind when the crystallized bibasic salt is 

washed with cold water, as long as the water acquires an acid reaction. 

Heavy yellow powder. Cold water exerts no further action; boili'no- 
water dissolves out the monobasic nitrate and leaves the salt. a. (Kanel 
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e. 5iJffc. The acid solution d, when cooled and evaporated 
tins salt m long pnanu, and needles, which are transparent and co o 
and. according to Kane, have a metallic, non-acid taste. The ^ c. v Us 
when heated, resolve themselves into aqueous nitric add partly feS' 
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ater, yield 26 parts of "the baricft ^ ^^ treatod with 
deliquesce in moist air. (Donov ac l' } (G T r , OUTe! ?) , T1 ' 
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MERCUROUS PHOSPHONITRATE, 7.5 

d. Monobasic? Solutio Mercurii calide parata. 1. By dissolving 
mercuric oxide in nitric acid. 2. By dissolving mercury in excess of hot 
strong nitric acid, and boiling till a sample diluted with water is no 
longer rendered turbid by a solution of common salt. 3. By boiling 
mercurous nitrate (a to c) with excess of nitric acid, and continu- 
ing the boiling till a diluted sample no longer gives a precipitate of 
calomel with excess of common salt. The solution concentrated as much 
as possible by evaporation, is somewhat viscid, and, according to Proust, 
has a specific gravity of 3*47; it has a sharp metallic taste, and when 
aided by light, imparts a blackish red stain to the skin. On further 
evaporation (which causes an escape of acid) and cooling, it yields 
crystals of the bibasic salt. Also, when aqueous protochloride of 
mercury is precipitated by an equivalent quantity of nitrate of silver, 
and the filtrate, which must contain the monobasic nitrate of mercuric 
oxide, is evaporated, the bibasic salt still crystallizes out. (C. G. 
Mitscherlich.) Water added to the concentrated solution throws down 
the yellow terbasic salt; the dilute solution richer in acid, is no longer 
precipitated by a further addition of water. Protochloride of tin throws 
down calomel from the solution. (Zaboada.) The solution easily takes 
up diniodide, dibromide, and dichloride of mercury; and from these 
solutions, the mercury of the three compounds just mentioned may be 
precipitated in the form of calomel by common salt, but only when that 
substance is added in sufficient excess to convert the whole of the 
mercuric nitrate into corrosive sublimate. The iodide, bromide, chloride, 
cyanide, and sulphocyanide of silver likewise dissolve in the solution of 
mercuric nitrate. (Wackenroder, Ann. Pkarm. 41, 317.) 

IT E'. PHOSPIIONITRATE OF MERCUROUS OXIDE, or MERCUROUS PHOS- 
PHONITRATE. When a solution of ordinary phosphate of soda is poured 
into excess of mercurous nitrate dissolved in nitric acid, a white or 
slightly yellowish precipitate is formed, which disappears at first, but after- 
wards becomes permanent, and quickly settles down ; when examined 
by the microscope, it is found to consist of prismatic laminso. It may be 
washed with cold water. (Gerhardt, Ann. Pkarm. 72, 81.) 

Gerhardt. 

4Hg 2 832-0 .... 85-29 .... 84-9 

NO 5 54-0 .... 5-55 .... 5'8 

PO 5 71-4 .... 7-32 .... 8-6 

2HO 18'Q .... 1-84 .... 2-2 

Hg*0,N0 5 + 3Hg iJ O,PO 5 + 2Aq. .... 975-4 .... lOO'OO ~ 101-5 

When, on the contrary, the mercurous nitrate is poured into excess of 
phosphate of soda, the precipitate is quite destitute of crystalline cha- 
racter, and has exactly the composition of terbasic mercurous phosphate. 
Gerhardt. )U 

F. NITRATE OF MERCUROUS OXIDE WITH PHOSPHIDE OF MERCURY. 

Phosphuretted hydrogen gas passed through a solution of mercurous phos- 
phate, yields a deep black precipitate. This precipitate must be washed 
as quickly as possible with cold water, and dried in vacuo over oil of 
vitriol; but however quickly this may be done, globules of mercury, 
according to Rose, are sure to separate out, because a portion of the 
dioxide of mercury rersolves itself into metallic mercury and protoxide; 
probably, also, because there does not exist such a compound as Hg' ! P. 
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The precipitate, which probably consists of phosphide of mercury, nitrate 
of mercurous oxide, and water, crackles violently when heated, and after 
ignition leaves a residue of phosphoric acid, (H. Rose.) 

G. NITRATE OF MERCURIC OXIDE WITH PHOSPHIDE OF MERCURY. 
Formed by passing phosphuretted hydrogen gas through a dilute solution 
of acid mercuric nitrate. The first bubbles produce a yellowish precipitate, 
which, however, soon turns white. The precipitate is collected on a filter, 
washed with cold water, and dried in vacuo. After drying, it is yellow, 
but on exposure to the air takes up water, and becomes white again. 
Detonates violently when gently heated (a piece of the size of a pea 
making a noise like a pistol-shot), less violently by percussion; it likewise 
explodes in chlorine gas, probably on account of the heat developed. 
When chlorine gas is passed through water in which the compound is 
diffused, it is decomposed, and dissolves quietly. (H. Rose, Pogg. 40, 75.) 

H. Rose. 
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Hg :! P-f 3(2HgO,N0 5 ) 1141-4 .... lOO'OO 

H. NITRATE OF MERCURIC OXIDE WITH SULPHIDE OF MERCURY. 
Formed by passing sulphuretted hydrogen, in loss than equivalent 
quantity, through a solution of mercuric nitrate, washing with cold water 
(taking care not to wash too long), and drying. If the washing be too 
long continued, the precipitate acquires a yellowish colour, from incipient 
decomposition. The white precipitate heated in a glass tube yields nitrous 
fumes, sulphuric acid, a large quantity of mercury, and a small quantity 
of mercuric sulphide. When suspended in water through which sul- 
phuretted hydrogen gas is passed, it is completely resolved into sulphide 
of mercury and aqueous nitric acid. In cold aqueous solution of carbonate 
of potash, or soda, it gradually turns yellow, and afterwards black ; a 
boiling solution immediately turns it black. Dissolves in hot aqtia- 
regia, with decomposition, and formation of sulphuric acid. (H. Rose, 
Pogg. 13, 67.) 

II . Rose. 

3Hg 300 .... 76-14 .... 76-:tt 

8 .... 2-03 

2S 32 .... 8-12 .... 7-78 

NO 5 54 .... 13-71 .... 12-80 

2HgS + HgO,N0 3 394 .... 100-00 

I. NITRATE OF MERCURIC OXIDE WITH IODIDE OF MERCURY. 
1. Formed by mixing a boiling solution of mercuric nitrate with iodide 
of potassium, filtering, evaporating, and cooling to the crystallizing point. 
(Liebig, Schw. 49, 255.) 2. By adding excess of iodine to a solution of 
mercuric nitrate of sp. gr. 1'35, and mixed with a sufficient quantity of 
free nitric acid, to prevent turbidity on the addition of water. On cooling, 
the liquid solidifies in a crystalline mass, having a pearly lustre. (Preuss.) 
3. By dissolving protiodide of mercury in a solution of mercuric nitrate, 
and leaving the compound to crystallize by cooling. (Preuss, .4 /m. Pharm. 
29, 326.) 4. By dissolving diniodide of mercury (or protiodide, half the 
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iodine then escaping) in hot nitric acid, whereby nitric oxide is evolved, 
and leaving the solution to cool. (Souville, J. Pkafm. 26, 474.) 

3Hg 2 I + 4N0 5 = 3(HgI + HgO,N0 5 ) + NO 2 . 

The crystals must be merely pressed between bibulous paper, as they 
would be decomposed by washing with water or alcohol. 

White pearly scales and needles. (Preuss, Souville.) Liebig obtained 
red scales. [Perhaps they were coloured by admixture of free mercuric 
iodide.] The compound, heated in a glass tube, fuses, gives off nitrous 
fumes, a sublimate of mercuric iodide, and a residue of mercuric oxide. 
Aqueous ammonia or potash separates mercuric oxide from it, and forms 
a compound of iodide of mercury with iodide of ammonium or potassium. 
(Preuss.) Water decomposes it completely into mercuric iodide and 
soluble mercuric nitrate. If the wa.ter be acidulated with nitric acid, so 
that no basic nitrate of mercuric oxide shall remain mixed with the iodide, 
100 parts of the compound will yield 64 parts of mercuric iodide, and a 
solution, which, when treated with sulphuretted hydrogen, gives 30*33 
pts. sulphide of mercury [and therefore contains 28*24 mercuric oxide]. 
(Preuss.) The compound is likewise decomposed by alcohol, even of the 
strength of 40 Bm. (Souville.) 

Calculation, according to Souville. Calculation, according to Preuss. 

Hgl + HgO,NO*. 2HgI + 2He;O,N0 3 . 

Hgl 226 .... 58-25 2HgI 4f>2 62-60 .... G4-QO 

HgO 108 .... 27-83 2HgO .... 216 29-92 .... 30-33 

NO 5 54 .... 13-92 NO 5 54 7'48 .... 

388 .... 100-00 722 .... lOO'OO 

Preuss also supposes that the compound contains two atoms of water ; but 
this is inadmissible, according to his OWE analysis. 

K. MERCURATE OP AMMONIA. Formed by digesting mercuric oxide 
witli aqueous ammonia at a gentle heat. (Proust.) Mercuric oxide pre- 
cipitated from solution of corrosive sublimate by potash, and then washed 
and dried, may be used for this purpose; the ammonia may be left to act 
upon it for some days in the cold, or it may be heated to the boiling point. 
(Kane, Pogg. 42, 383; also Ann. JTJiarm. 42, 383) 108 parts of the 
oxide increase in weight by 14*7 parts, in consequence of taking up the 
ammonia. (Guibourt.) 

Light yellow powder (Proust, Plantamour) ; yellowish white (Kane) ; 
acquires a brown-red colour when heated. (Kane ) Detonates on red-hot 
coals, but less strongly than fulminating gold. (Proust, Kane.) When 
carefully heated in a tube, it gives off a large quantity of ammonia, 
nitrogen gas, and water, subsequently oxygen gas and vapour of mercury. 
As long as the compound is not completely decomposed, the mass appears 
brown-red while hot, and becomes yellowish white again on cooling. 
(Kane ) When mercuric oxide is digested in ammonia, a small portion of 
mercury dissolves ; the white mercurate of ammonia produced dissolves 
quickly in warm hydrochloric acid \ perfectly, also, in a large quantity of 
warm aqueous carbonate of ammonia, (Wittstein, Repert. 57, 48.) 

Kane. 

NH 3 17 .... 4-74 .... 4-10 

3Hg 300 .... 83-57 .... 83-G8 

3O 24 .... 6-G8 .... 6-60 

2HO 18 .... 5-01 .... 5-G2 
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When dry ammoniacal gas is passed over yellow morcurate of 
ammonia at". 150, the latter is converted into a cinnamon-coloured powder, 
which, when heated upon platinum-foil, spreads ^ itself over the platinum, 
gives off water -and ammonia, and is transformed into red oxide of mercury. 
Mixed with, nitric acid, and evaporated to dryness, it gives off a small 
quantity of gas, and yields a white, insoluble powder, which comports 
itself like Kane's compound: Hg,NH 2 + 3HgO,2NO a . (Plantamour, 
'J\ T . Bill, univers. 32, 339; also Ann. Pharm. 40, 120.) 

^f According to Millon (Compl. rend. 21, 820), the compound formed 
by the action of ammonia on mercuric oxide is an oxy-amido of mercury, 
the composition of which may be expressed by the formula : 
3HgO,HgNH 2 ,HO + 2Aq. 

In vacuo over sulphuric acid, it loses 2 At. water, turns brown, and 
in that state undergoes no alteration by exposure to the air at ordinary 
temperatures; at a temperature between 100" and i;jO J , it gives off a 
third atom of water. The yellow hydrated compound absorbs carbonic 
acid from the air, and turns white. The properties of this compound are 
those of a strong base; it expels ammonia from its salts. A dilute solu- 
tion of potash has no action upon it; indeed, it is decomposed only by 
very strong potash, and at a boiling heat. The dry brown compound is 
resolved by fusion with hydrate of potash into nitrogen,, metallic mercury, 
and mercuric oxide [what becomes of the hydrogen?]. It combines in 
definite proportions with carbonic acid, nitric, sulphuric, and oxalic acid, 
forming salts whose composition may be thus represented : 



The anhydrous base 3HgO,HgN T H- 

The base dried over oil of vitriol ,, + HO 



The hydrated base 
Carbonate dried at 135 . 

Hydrated carbonate 

Oxalate 

Sulphate 

Nitrate 

Bromate 



Iodlde 



4 HO H2A 



-f ('O-' + Acj. 
+ ( >'*()' 
* SO : 



L. HYPOSULPHITE OF MERCURIC OXIDE AND AMMONIA. First 
obtained by Kipchhoff. Finely divided mercuric oxide dissolves in warm 
moderately concentrated solution of hyposulphite of ammonia, without 
causing an evolution of heat. Alcohol added to the* solution M^parato* 
the salt in colourless prisms, which decompose HO easily that the morn act 
11 ! ? & ^ hem 1 causesa separation of cinnabar [and formation of sul- 
phnric acid?] j when exposed to light, they quickly turn ^y. Their 
aqueous solution deposits black sulphide of mercury on boilii^ and mo- 
rally cinnabar, when left to stand quietly. (Ramrnibei- l>w"<( Si !) 
4NH Crystallized. Rnimdsbt 




j .. f*un j.u c/ bin vu,s ji 77 ii u,c f mono- 

oxide, when treated with aqueous ammonia, is 
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converted into a dark grey powder, which appears to he : 3 Hg 2 0, SO 3 -f 
Hg 2 NH 2 . In this reaction, 992 parts (4 At.) of mercurous sulphate yield 
at most 116-6 parts (nearly 3 At.) of sulphuric acid to the liquid, and the 
grey powder produced amounts to at least 8237 parts (nearly 1 At.) : 

4(Hg 2 O,SO 3 ) + 4NH 3 = (Hg 2 ,NH2 + 3Hg 2 O,S0 3 ) + (3NH 3 ,S0 3 )-i-HO. 

The grey powder, when heated, gives off water, ammonia, sulphurous 
acid, oxygen gas, and mercury. The ammonia produced by this decom- 
position never exceeds 3 per cent. (Kane, Ann. Chim. Phys. 72, 283.) 

Calculation, according to Kane. 

2Hg ................ 200 .... 2273 

NH 2 ................ 16 .... 1*82 

3Hg 2 ............ 624 .... 70-91 

SO 3 ................ 40 .... 4-54 

880 Z 100-00 

N. TRISULPHATB OF MERCURIC OXIDE with MERCURIC AMIDE. 
Ammoniacal Turpethum. First obtained by Fourcroy; its true compo- 
sition was afterwards ascertained by Kane. 1. Formed by treating 
monosulphate of mercuric oxide with aqueous ammonia. Yellow trisul- 
phate of mercuric oxide is first produced, but the whole is gradually con- 
verted into a white powder; a boiling heat accelerates the process, but 
does not alter the product. 592 parts (4 At.) of mercuric sulphate give 
up 119*8 parts (3 At.) of sulphuric acid to the boiling ammonia, and 
yield 469*5 parts (nearly 1 At.) of ammoniacal turpethum. (Kane.) On 
slowly evaporating the ammoniacal solution, or mixing it with water, a 
small quantity of this compound is precipitated. (Ullgren.) 2. By 
digesting trisulphate of mercuric oxide with sulphate of ammonia, till the 
undissolved portion turns white. In this reaction, soluble sulphate of 
mercuric oxide and ammonia is produced at the same time. (Ullgren.) 

2(3HgO,S0 3 ) + 3(NH 3 ,S0 3 ) =(Hg,NH- -t- 3HgO,S0 3 ) + 2(NH 3 ,S0 3 + HgO,S0 3 ) + HO. 

Heavy white powder (Kane) ; somewhat yellowish after drying. (Ull- 
gren.) The compound turns brown when heated, gives off a large quantity 
of water and nitrogen, and a trace of ammonia., and leaves mercurous 
sulphate. [2 atoms of mercury must likewise be given off: 



Hydrosulphuric acid gas passed through water in which the powder is 
suspended, produces sulphide of mercury and a perfectly neutral solution 
of sulphate of ammonia. The sulphide of mercury amounts to 96 f 58 per 
cent., and the solution, when evaporated, yields 13'5 per cent, of sulphate 
of ammonia, containing 3*48 ammonia, 8*18 sulphuric acid, and 1*84 
water. (Kane.) Water dissolves but a trace of the powder, but it is 
soluble in hydrochloric or nitric acid. (Kane, Ann. Chim. Phys. 72, 228.) 
When treated with hydrosulphate of potash, it gives off ammouia, but 
not when treated with caustic potash. With nitric acid it forms a solu- 
tion containing ammonia, while nitrous fumes are given off. (Ullgren, 
Pogg. 42, 395.) 

Kane. 
4Hg .................... 400 .... 83-34 .... 83'43 

NH* ................................ 16 .... 3-33 .... 3-27 

3O ................................ 24 .... 5-00 

SO 3 ................................ 40 .... 8-33 .... 8-25 

,S0 3 .... 480 7.. 100-00 
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OU -ix 

vi compound not known in the separate 

Instead of amide of mercury, * g ^ vera i O f the following compounds 
state, we may supp ose 1 that M m d which C an be obtained in the 
contain nitride of meicury, a he jformula O f the substance under con- 
free state. 0n * h 8 ^ h P^o S s6 3 + 2 Aq. (Rammelsberg, Pogg. 15, 85.) 
pideration is: Hg IN + -ng ; . : nff its composition to hare been 

In the preceding compound M^pp^ngi ^^ ^ ^ to 

Lw " '^ termined ' th - S a Siraving the formula HgN.] 



o. 

tion of mercuric sulphate, conotoated a J^nota P ^ 

precipitate with ^P hate '^ToU of vitriol I not that of the nitrate 
foe solution of mercuric sd^ate m l^ ^ ^ of am _ 

or chloride ""g^^SS CTves in cold aofueous sulphate of 
nioma. (Gm) Mercmic ^ ox ^^ fcy am a . If 

ammonia, and , 1S not f^ licat ion of heat is necessary and mercury 
mercnrons oxi ^ ^ *% %. 67 70 .) T Hirzel (^KwAf. /. ^Aam. 
separates out ( Witttem ^ , ^ belonging to the oblique 



"but Ins analyses do not agree well with each other. 

P \MMONIO-DINIODIDB OF MERCURY, Or loDO-MEBCUMTE OF AMMONIA 

-Diniodide of mercury immersed in cold aqueous ammonia converted 
into a black powder which gives off nearly all its ammonia m drying. 
On boiling with ammonia, a blackish powder IB obtained mixed with a 
large number of globules of mercury, and a liquid from which iodide of 
mercury and ammonium separates. (Rammelsherg, Pogg. 48 3 J.64.J 

Q. AMMOKIO-PROTIOBIDE OF MERCURY, or IODO-MERCURATB OF 

A^iovi^WtihlAt.Add. 100 parts of mercuric iodide absorb 7'01 
pt of ammonia. The dirty white compound gives off ammonia in the 
air in a few hours, receiving at the same time the red colour ot mercuric 
iodide. (H. Rose, Pogg. 20, 161). 

H. Kose. 
NH 3 ................ 17 .... 7-00 .... 6-55 

Hgl ................ 226 .... 93-00 .... 93-45 

IsH 3 ,HgI ....... 243 ~. 100-00 ~. lOO'OO 

5. IFi^ 2 At. Acid. I. Mercuric iodide immersed in strong ammonia 

turns white, and then dissolves, leaving a red-brown powder (consisting 

of the following compound R): the solution evaporated in the air deposits 

needles of Q, 6, while hydriodate of ammonia remains in solution. (Caillot 

& Corriol, /. Pharm. 9, 381; also Schw. 39, 379.) 2. The same com- 

pound is formed when the ammonia is allowed to act till the iodide of 

mercury is converted into a white powder. (Rammelsberg, Pogg. 48, 170.) 

3. It is also produced when the solution of mercuric iodide in aqueous 

sulphide of ammonium, -potassium, or sodium is precipitated by ammonia. 

^Rammelsberg.) 
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By (1), small needles (Caillot & Corriol); by (2) and (3), whr 
crystalline powder. The compound quickly gives off its ammonia whet 
exposed to the air, leaving protiodide of mercury, still more quickly 
when immersed in water or in dilute acids. (Caillot & Corriol; Ram- 
melsberg.) 

Crystallized. Rammelsberg. 

NH 3 17 .... 3-62 .... 3-614 

2HgI 452 .... 96-38 .... 95-540 

HO .... .... 0-846 

NH 3 ,2HgL. 469 I 100-00 Z lOO'OOO 

R. MERCURIC AMIDO-IODIDE, or F 
Hg,NH 2 + HgI+2HgO, orHg'N, 
heated with a very large excess of &, 
lighter red colour, becoming indeed a. 1 " 
60, quickly turns brown, and on 1 
mineral kermes. The liquid filtered 
holds in solution hydriodate of ammor 
mercuric iodide: 

4HgI + 4NH 3 + 2HO = 3(NH 3 ,f 

To obtain the brown compound pure, tne ammonia must be ^^^^ u-o <* 
boiling heat, before it deposits crystals, and the residue must be heated 
from rive to seven times to the boiling point with fresh ammonia, till the 
decanted liquid deposits no more crystals on cooling; if this be not done, 
the brown compound will retain a portion of the white compound Q, b. 

2. The compound is also formed bypassing ammoniacal gas at a tempera- 
ture of 180 over mercuric oxy-ioclide: 

HgI,3HgO + NH 3 = (Hg,NH 2 I- Hgl + 2HgO) + HO. 

3. Also when the yellow chlorine-compound, of exactly similar constitu- 
tion, obtained in washing white precipitate, is digested with 3 At. aqueous 
iodide of potassium: 

(Hg,NIl 2 + HgCl-f 2IIgO) +KI = (Hg,NH s + Hgl + 2HgO) + KC1. 

Brown powder, often inclining to purple-red. When heated to 128, it 
gives off nothing but a little hygroscopic water. 

Rammelsberg. 

4Hg 400 .... 71-69 . . 72-09 

N 14 .... 2-51 . . 2-66 

211 2 .... 0-36 

I 126 .... 22-58 

2() 16 .... 2-8(> 

558 100-00 

"When strongly heated in a retort, out of contact of air, it fuses into a 
dark brown liquid, afterwards detonates briskly with a blue light, and 
gives off mercury, iodide of mercury, ammonia, and nitrogen gas, leaving 
no residue. When heated with aqueous sulphide of barium, it gives off 
all its nitrogen in the form of ammonia, which amounts to 3 -2 4 per cent. 
In warm aqueous iodide of potassium, it dissolves, with evolution of 
ammonia, forming a yellow-liquid, which contains free potash, besides 
iodide of mercury and potassium: 

(IIg,NH 2 + Hgl + 2 HgO) -h 7KI -1- HO =4(KI,IIgI) + NIP + 3KO. 
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When heated to 100 in a current of hydrochloric acid gas, it becomes 
dotted with yellow stars, and emits white fumes. If the heat rises to the 
fusing and subliming point, a sublimate is formed, consisting of chloro- 
mercurate of ammonia, protochloride of mercury, sal-ammoniac, and 
hydriodate of ammonia. Formation of water has not been distinctly 
observed. The compound dissolves with tolerable facility in warm 
hydrochloric ac'd, forming a colourless liquid, which, if concentrated, 
deposits on cooling, red crystals of mercuric iodide, and likewise yellow 
crystals of mercuric chloriodide. Boiling solution of potash exerts no 
decomposing action upon it, and therefore does not liberate ammonia from 
it. (Eammelsberg, Pogg. 48, 173.) 

S IODIDE OF MERCURY AND AMMONIUM. The aqueous solution of 
144 pts. (1 At.) of hydriodate of ammonia dissolves, with the aid of heat, 
683 pts. (3 At. 3 X 226 ~ 678) of mercuric iodide. Part of the latter 
separates again on cooling, and the remaining liquid afterwards yields 
crystals of the bi-acid salt. These crystals are permanent in the air. In 
vacuo, they give off 3*8 per cent, of water, and acquire an orange-yellow 
colour. At a gentle heat, they fuse into a liquid which gives off, with 
ebullition 3 about 3 per cent, of water, becoming- more tenacious, and 
acquiring a dark red colour, and on cooling, solidifies in anhydrous crys- 
tals, which, after a while, assume the red colour of mercuric iodide. At 
a stronger heat, part of the salt sublimes mi decomposed; the rest is 
resolved into mercury, mercuric iodide, and other products. Water sepa- 
rates from the crystals 40 per cent, of mercuric iodide, so that the 
remaining solution no longer contains quite 1 At. iodide of mercury to 
1 At. hydriodate of ammonia. This solution, when evaporated and 
cooled, again yields crystals of the bi-acid salt, so that an excess of 
hydriodate of ammonia remains in the liquid. (P. Boullay, Ann, 0/iim. 
Phys. 34, 345.) 



NH 3 ,HI 


Anhydrous. 
144 . 24-16 


NH 3 HI 


Crystallized. 

144. 9 '} - J r \ 
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2HO 


18 .... 2-93 .. 
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NH 3 ,HU2HgI 596 .... 100-00 



+ 2Aq 614 



100-00 
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T. AMMONIO-BROMIDE OP MERCURY, or BROMO-MERCURATE OP AM- 
MONIA. Cold protobromide of mercury does not absorb ammoniacal gas 
at ordinary temperatures; but when fused at a gen tie heat in that gas, and 
then pooled, it absorbs 3-41 per cent., or less than -i At. ammonia. It is 
certain however, that the quantity of ammonia found by experiment was 
too small, because some of the mercuric bromide must have evaporated 
(H. Rose, Pogg. 20, 160.) Water extracts hydriodate of ammonia from 
the compound, and leaves a yellow powder, which gives off ammonia 
when treated with sulphide of potassium, but not with caustic potash. 
(Rammelsberg, Pogg. 55, 248.) 

TL AMIDO-BROMIDE OF MERCUBY. Ammonia added to an aqueous 
solution of mercuric bromide, throws down a white powder, insoluble iu 
* , ' ShMy S luble in monia. When heated, it is 
nitro - en as >.f unoniacal gas, vapour of water, and a sub* 

off ?Tr US b ld M L8wi *> Whe ry slowly heated, it 
off a large quantity of ammoniacal gas without free nitrogen, 
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afterwards a sublimate of NH 3 , 2HgBr, and leaves a residue of 



6(Hg,NH 2 + HgBr) = 3NH 3 + NEP^HgBr + 2(Hg 3 N,2HgBr). 
(Mitscherlich,* J. pr. Ckem. 19, 455.) 

V. BROMIDE OF MERCURY AND AMMONIUM. Mercuric bromide 
dissolves abundantly in aqueous hydrobromate of ammonia; alkaline 
carbonates added to the solution, precipitate the compound U. (Lbwig.) 

W. Bromate of Mercurous Oxide with Ammonia ^Recently precipi- 
tated bromate of mercurous oxide yields, with excess of ammonia, a black 
substance and a liquid. The black substance retains its colour when 
washed and dried in the air; it contains from 74*76 to 75'02 per cent, of 
inercurous oxide and a small quantity of metallic mercury. With potash, 
}t gives off only part of its ammonia, with sulphide of potassium, the 
whole, amounting to between 1'86 and 2 '22 per cent. It dissolves in 
hydrochloric acid with violent evolution of bromine and chlorine, and 
forms a yellow solution; hot nitric acid converts it into a white insoluble 
compound, which appears to be nitrate of mercuric oxide and ammonia. 
The ammoniacal liquid, when left to stand, deposits mercury and 
bromate of mercuric oxide and ammonia; when evaporated at a gentle 
heat, it yields crystals of bromate of ammonia, while the mother-liquid 
contains mercury. (Rammelsberg.) 

X. MERCURIC BROMATE WITH MERCURIC AMIDE, or HYDRATED 
BROMATE OP MERCURIC OXIDE WITH NITRIDE OF MERCURY. HgNH 3 4- 
3HgO, BrO, or Hg 3 N + HgO, Br0 5 + 2Aq. When aqueous mercuric 
bromate is slightly supersaturated with ammonia, tins compound is pro- 
duced in the form of a precipitate, which slowly settles down. The 
filtrate contains bromate of ammonia. The compound, when heated in a 
glass tube, detonates violently, even in small quantity, breaking tho 
tube, and scattering metallic mercury about. Whcu boiled with aqueous 
sulphide or iodide of potassium, it gives off 3*335 per cent, of ammonia, 
but with caustic potash only a trace. (Rammelnberg, Poyy, 55, 82.) 

Rammelsberg. 
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558-4 .... 100-00 

Y. AMMONIO-DICIILORIDE OP MERCURY, or CHLORO-MBRCURITB ois 
AMMONIA. Sublimed calomel absorbs a very small quantity of ammonia, 
and turns quite black. Calomel, prepared in the humid way, absorbs 
7'38 per cent., and forms a black powder, which, on exposure to the air 
or when gently heated, gives off all its ammonia and turns white again; 
'and on the application of a stronger heat, sublimes as pure calomel. 
(H. Hose, fogy. 20, 158.) 

II. Rose. 

NH 3 17-0 .... 6-74 .... 6-87 

235-4 .... 93-26 .... 93'13 

252-4 .... UMHH) ~ 100"o<f 

n 9 
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Z. MERCUROTJS AMIDOCHLORIDE. Calomel treated with aqueous 
ammonia, is converted into a powder, which is black while moist and 
dark grey when dry. Half the chlorine of the calomel is found in the 
ammoniacal liquid. (Kane.) 

Kane. 
4Hg ........................ 400 .... 88-61 .. 88-33 

NH a ........................ 16-0 .... 3-55 .... 3-36 

Cl ............................ 35-4 .... 7'84 .... 7'95 

Hg 2 ,NH 2 +Hg 2 CL. 451-4 .... 100-00 Z 99-64 

Heated in a glass tube, it first gives off a trace of water, together with a 
large quantity of nitrogen and ammoniacal gas, and afterwards a subli- 
mate of calomel and mercury, exhibiting at the same time a glimmering 
light. Probably thus : 

3(Hg 2 ,NH 2 + Hg 2 Cl) = 6Hg + 3Hg 2 Cl -f 2NH 3 + N. 

It undergoes no alteration when heated in the air to 82, or by continued 
boiling with water or ammonia. When boiled with aqueous iodide of 
potassium, it gives off all its nitrogen in tbe form of ammonia; with 
caustic potash, it evolves only a part. (Kane, Phil. Mag. J. 11, 504; also 
Pogg. 42, 330; also Ann. Pharm. 18, 298.) When hydrochloric acid 
gas is passed over the powder previously dried in the air at 100, it is 
converted, without forming even a trace of aqueous hydrochloric acid 
(which proves the absence of oxygen) into a white mixture of mercurous 
chloride and sal-ammoniac (Ullgren,, Pogg. 42, 392) : 



According to this, 451 -4 pts. (1 At.) of the compound should yield 524*2 
pts. of the white mixture; Ullgren obtained 523'S pts., a quantity which 
is perfectly in accordance with Kane's formula, and proves that the com- 
pound contains not ammonia, but amidogen. 

A A. AMMONIO-PROTOCHLORIIKE OF MERCURY, or CHLORO-MERCURATB 
OP AMMONIA. 1. Formed by exposing heated corrosive sublimate to a 
current of ammoniacal gas. At ordinary temperatures, the compound is 
very slowly absorbed, the quantity amounting to only 5*75 per cent, in 
two days ; but if fused at a gentle heat and then cooled, the sublimate 
immediately takes up 6*8 per cent. (H. Rose.) Grouvelle had previously 
found that 2 atoms of corrosive sublimate take up 1 atom of ammonia. 
2. By distilling mercuric oxide with sal-ammoniac. (Mitscherlich.) 

The compound resembles corrosive sublimate, fuses when heated, sub- 
limes in drops like that substance, and without much loss of ammonia. 
It does not dissolve in water, but turns yellowish when boiled with that 
liquid for a considerable time; solution of potash likewise colours it 
pale-yellow. (H. Rose, Pogg. 20, 158.) With water it is resolved into 
alembroth-salt, which dissolves, and infusible white precipitate, which 
remains undissolved. (Kane.) 

2(NH 3 ,2HgCl) = (Hg,NH 2 + HgCl) + (2HgCl + NKPC1). 

According to Grouvelle (Scfiw. 33, 433), it dissolves partially in water, 
with separation of mercurate of ammonia [?], a further quantity of which 
may be precipitated from the solution by potash. 

H. Rose. 
ISfH 3 ................ 17-0 .... 5-91 .... fi-37 

2HgCl ........... 270-8 .... 94'09 .... 93-63 

NH 3 ,2HgCL... 287-8 .... lOO'OO ~ 100-00 
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May likewise be regarded as HgAd, HC1+ HgCl (Kane), or, taken 
twice, as HgNH 2 +3HgCl+NH 4 Cl, or, taken three times, as Hg 8 N, 

' 



BB. MERCURIC AMIDO-CHLORIDE, Formerly regarded, according to 
Kennel's formula, as a compound of 2 At. mercuric oxide with 1 Afc. sal- 
ammoniac, till Kane showed that 2 At. oxygen and 2 At. hydrogen must 
be deducted therefrom. It was, moreover, confounded with the following 
compound, under the name of White Precipitate^ Mercurius prcecipitatus 
albuSj till Wohler (Ann. Pharm. 26, 203) and Kane pointed out the 
difference, between the two varieties. The compound immediately under 
consideration may be distinguished by the name of Infusible White 
Precipitate. The white precipitate of the Baden pharmacopoeia belongs 
to this head. 

Infusible white precipitate is formed, by precipitating corrosive sub- 
limate with a slight excess of ammonia, washing the precipitate with a 
small quantity of cold water, pressing between paper, and drying at a 
gentle heat. (Kane) ; 

2HgCl + 2NH 3 = HgCl,HgNH 2 + NH 4 C1. 

272 pts. (2 At.) dissolved corrosive sublimate, precipitated by aqueous 
ammonia, containing 34 pts. (2 At.) of ammonia, yield a neutral filtrate, 
which leaves 1 At. sal-ammoniac on evaporation. (Hennel, Qu. J. of Sc. 
18, 297.) 270-8 pts. (2 At.) corrosive sublimate yield 252-2 pts. 
(1 At. = 251 *4) of white precipitate, and the filtrate contains 35*2 pts. 
(1 At.) of chlorine. (Kane.) 270*8 pts. of corrosive sublimate yield 
254*6 pts. of white precipitate dried at a gentle heat. (Geiseler, jf. J5r. 
Arch. 21, 147.) The flocculent precipitate must not be washed too long, 
more particularly with hot water, as it then turns yellowish from admix- 
ture of the compound DD (p. 88.) (Kane.) White precipitate is likewise 
obtained on precipitating corrosive sublimate with carbonate of ammonia. 
(Duflos.) According to Winckler, it is also formed by agitating mercuric 
oxychloride with strong ammonia. [Might not rnercurate of ammonia be 
mixed with the product thus obtained 1 ?] 

White and tolerably light powder, the taste of which is earthy at first, 
but afterwards metallic. (Fourcroy.) 
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Soubeiran (J. Pharm. 12, 243; also N. Tr. 13, 2, 161), obtained 82 per 
cent, mercury and only 7' 9 per cent, chlorine, probably from washing too 
long, whereby a considerable quantity of the yellow compound DD would 
be formed : 

IIg,NH 2 + HgCl (Kane), or HgSjSf + HgCl + NH 4 C1 (Rammelsberg). 



IT The simplest view of its composition is to regard it as chloride of 
ammonium in which 2 atoms of hydrogen are replaced by mercury: 



N 
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Decompositions. At a temperature below redness it is resolved, with- 
out fusion (hut with production of a yellowish colour), into a sublimate of 
calomel, amounting to 93 per cent., and a mixture of 1 volume of nitrogen 
and 2 volumes of ammoniacal gas (Kane): 

3(HgNH 2 + HgCl) = 3Hg 2 Cl + N + 2NH'. 

Tlie calomel is usually blackened by the ammonia. If the heat applied 
i very itle, ammonia is first evolved, without a trace of nitrogen; 
afterwards chloromercurate of ammonia sublimes (distinguishable from 
the calomel by its fusibility before evaporation), and chloronitride of 
mercury EE (p. 89) remains in the retort in the form of a red 
fcubstauce : 

6(HgNH- + HgCl) = 3NH 3 + NH 3 ,2HgCl + 2(Hg 3 N,2HgCl). 

{E. Miisclierlich, J. pr. Chem. 19, 454.) Heated with aqueous sulphide 
of barium, or iodide of potassium, it gives off all its nitrogen in the form 
of ammonia, and leaves sulphide or iodide of mercury. (Kane ) A boiling 
saturated solution of chloride of potassium or sodium, likewise separates 
ammonia from the compound, and dissolves corrosive sublimate. (Ram- 
nielsberg, Pogg. 48, 182.) With potash or lime, it turns yellowish, gives 
off only half the quantity of ammonia that it is capable of yielding, and 
produces the yellow powder DD, but of a somewhat paler colour than that 
obtained by other methods. (Kane,) Ammonia has no action upon it. 
(Kane.) Does not dissolve in water, but turns yellowish when immersed 
in it. By boiling water it is completely converted, in a few minutes, into 
flie lemon-yellow powder DD, while sal-ammoniac dissolves in the water : 

2(Hg,NH 2 + HgCl) + 2HO = (HgNH 2 + HgCl + 2HgO) + NH 4 C1. 
502-S pts. (2 At.) of white precipitate yield by boiling with water 450-5 
pts. (nearly 1 At.) of the yellow powder, and the water is found to have 
dissolved 51*5 pts. (nearly 1 At.) of sal-ammoniac, (Kane, Phil. Mat/. J. 
8, 495; 11, 428; also Pogg. 42, 367: also Ann. Pharm. Id, 135 arid '288* 
also/. pr.Chem. 8,219.) When dry hydrochloric acid gas is passed 
over the compound previously dried at 100, in the air, or at the ordinary 
temperature m vacuo, and the temperature is raised first to 100 then 
somewhat higher, the whole is converted, without evolution of water into 
a fused transparent mixture of mercuric chloride and sal-ammoniac: 

(HgNH- + HgCL) + 2HC1 = 2HgCl + NI-PC1. 
In this reaction, nothing sublimes but a small quantity of corrosive sub- 

o^Mfn At a TT la i C -/ 0t a - t . raCe f a( * ueous ^drochloric acid. 
~,! 4 pt*. (1 At.) of white precipitate yield from 320-6 to 323-0 of 

^IS^^4^'^A9^ t0 ? alculation > tbe quantity should be 
V , ; -a o- r A resnlt Conf5rm s Kane's analysis (UlWon 

f f .-'/. i^;, OuOI alSO J3.W9Z J.rifivm VR OAO \ T I '\ '-. ," ^ ^ ' 

' " tj ' * >IJ 5 ^UO. ) 1 nfi rnmnm-MiH K^il/-,,! -. *xi. 



I Kane, Ann . Chhn PLus 79 QQO ^ TT 

in hrJmUoric acid, f olm i D g a ^ solution ?f mef ***** diss . lves casil J 
^^^^^^^^f^^^f^^ e ^ chloride^ and 
a-iaton* LydrocUorate or nitrateof ammonia.' (Bre"")'' 
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CC. MERCURIC AMIDO-CHLORIDE WITH SAL-AMMONIAC. Fusible 
White Precipitate. The white precipitate, or Mercurius praecipitatus 
albus, of the Prussian, Hanoverian, London*, and several other pharma- 
copoeias. 1. Formed by dropping a solution of corrosive sublimate into a 
boil ing aqueous mixture of sal-ammoniac and ammonia, as long as the pre- 
cipitate redissolves, and leaving the solution to cool to the crystallizing 
point. .The product is sometimes contaminated with a small quantity of 
the infusible white precipitate EB. (E. Mitscberlich, J. pr. Chem. 19, 
453.) 2. The same compound is precipitated on adding carbonate of 
potash or soda, not in too great excess, to a cold aqueous solution of equal 
parts of corrosive sublimate and sal-ammoniac. This is the mode of pre- 
paration recommended in the pharmacopoeias. 135*4 pts. (1 At.) of 
corrosive sublimate dissolved in water, together with an equal quuntity 
of sal-ammoniac, required for complete precipitation 260 pts. (nearly 
2 At. = 2S6'4) of crystallized carbonate of soda, and yield 140'8 pts. of 
well dried white precipitate, the liquid retaining 2*03 parts of mercury in 
solution. (Geiseler.) [According to Kane's analysis, 135*4 pts. of cor- 
rosive sublimate should yield 152-4 pts. of white precipitate, if no mer- 
cury remained in solution.] If 960 instead of 260 parts of crystallized 
carbonate of soda be used for the precipitation, the precipitate is of a less 
pure white, and, when washed on the filter, becomes yellow on the surface, 
but recovers its whiteness when washed with water containing sal- 
ammoniac. The yellow colour is more quickly produced when the car- 
bonate of soda is added in excess and the liquid is hot. (Geiseler, N. Br. 
Arch. 21, 147.) The same substance is obtained by precipitating the 
solution of sal-ammoniac and corrosive sublimate with carbonate of 
ammonia. (Duflos.) 3. This compound is likewise formed on boiling the 
infusible white precipitate BB with sal-ammoniac. (Kane.) Ked mercuric 
oxide has no action on a cold solution, of sal-ammoni;ic; in a hot solution, 
It acquires a pale yellow colour, if 29 '5 pts. of sal-ammoniac are present 
for every 108 pts. of oxide; if 59 pts. of sal-ammoniac are present for 
every 108 of the oxide, the latter is converted into white precipitate. 
(Geiger, Mag. Pharm. 11, 153.) When the sal-ammoniac is in excess, 
fusible white precipitate is produced. (Gm.) 

When prepared by (]) it forms small rhombohedrons (Mitscherlich); 
(2), a white powder. 

When heated, it fuses (forming a clear, yellowish liquid, according to 
Wohler), giving off nitrogen and ammonia, and then sublimes, partly in 
the form of a transparent, gummy mass, partly as a white, opaque mass, 
which, when treated with water, yields a solution of sal-ammoniac and 
corrosive sublimate, and a residue of calomel. If the precipitate has beeu 
previously well dried, it does not yield a trace of water when thus treated. 
(Kane, Ann. C'kim. Phys. 72, 280.) The precipitate undergoes no altera- 
tion at 135; at 180, it yields ammonia arid a white sublimate, and at 
300, fuses into a thin, yellowish liquid. (Duflos, N. Br. Arch. 23, 311.) 
If the application of heat be stopped as soon as the evolution of ammonia 
ceases, the liquid, which has already acquired a dark colour, solidifies in 
a red-brown, fibrous mass. (Krug & Vahle, N". Br. Arch. 27, 40.) Boiling 
water converts fusible white precipitate into the yellow powder DD, the 
same that is formed by similar means from infusible white precipitate; in 
the former case, however, the water takes up a much larger quantity of 
sal-ammoniac. (Kane.) The precipitate is dissolved by acids, even by 
strong acetic acid. 
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23 

composition.^ The siller 
formula, x( Hs )ci, which denotes that the compound may be regarded 
in which 1 atom of hydrogen is replaced by mercury, 
, ^ analogy between this compound and 
^^tJ BB,whicfas already observed (p. 85), 

rcaybe expressed by the formula <g*>- *-There ^ either be a 
third kind of white precipitate corresponding to the analyses of Duflos 
and Riegel, or there must be some mistake in these analyses. 

DD MERCURIC A MID-OX YCHLORIDE.- BfeNH 2 + HgCl + 2HgO. 
Formed by boiling either the infusible or the fusible wlnte precipitate 
with water. 541 '6 pts. (4 At.) corrosive sublimate, precipitated by 
ammonia, and boiled till the precipitate is completely converted into the 
li^ht yellow powder, yield 454 pts. (nearly 1 At.) of yellow powder; the 
liquid" contains 102-3 pts. (nearly 3 At.) of chlorine, together witl^ a 
trace of mercury. Another mode of preparation consists in boiling white 
precipitate with caustic potash. (Kane.) The same compound is likewise 
produced when dry ammoniacal gas is passed at a temperature of 150 
over, HgCl,3HgO previously dried at 100. (Ullgren.) 

Lijrht yellow, heavy powder, granular after rapid drying. That 
which ~is obtained by boiling with potash is of a paler yellow colour, and 
detonates somewhat more strongly when suddenly heated. (Kane.) 
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gO. May likewise be regarded as Hg 3 N + HgCl + 
2HO vRammelsberg), or as NHg 4 CH-2HO, analogous to chloride of 
ammonium [\V]. 

Wlien gradually heated, it gives off ammonia, nitrogen gas, and 
water, and subsequently a sublimed mixture of calomel and mercury, 
amounting to 94-01 per cent. No mercuric oxide remains behind. 



CHLORIDE OF MERCURY AND AMMONIUM. 89 

(Kane.) "With aqueous sulphide of potassium, it evolves ammoniacal 
gas, and forms sulphide of mercury. Heated with aqueous iodide of 
potassium, it turns brown and gives off ammonia. (Kane.) The brown 
substance formed in this reaction, is the iodine-compound corresponding 
to the yellow powder (p. 81), and the evolution of ammonia is merely a 
secondary effect produced by the action of the excess of iodide of potas- 
sium upon the brown compound. A saturated solution of chloride of 
potassium or sodium, boiled with the yellow powder, also liberates 
ammonia and takes up mercury. (Rammelsberg, Pogg. 48, 181.) Con- 
centrated nitric acid which has been completely freed by heat from 
hyponitric acid, and therefore gives off no nitrous fumes when heated 
with nitrate of ammonia or with corrosive sublimate, produces these 
fumes again on being heated with the yellow powder. (Ullgren, Pogg. 
42, 385.) Boiling potash-ley gives off no ammonia, exerts no decom- 
posing action, and produces but a slight alteration of colour, (Kane, 
Ullgren.) The yellow powder dissolves but slightly in water, but easily 
in hydrochloric or nitric acid. (Kane, Pogg. 42, 367.) 

EE. NITROCHLORIDE OP MERCURY. Eemains behind when infusible 
white precipitate is very carefully heated in a retort immersed in a bath 
of fusible metal, till all the ammonia is driven off, and the whole of the 
chloro-mercurate of ammonia is sublimed, and a small quantity of calomel 
begins to sublime. (Gomp. pp. 84, 85.) 

Small, red, crystalline scales, resembling mercuric oxide. 
When heated to a temperature above the boiling point of mercury, it 
is resolved into nitrogen gas and a sublimate of calomel and mercury : 

Hg 3 N,2HgCl = N + Hg + 2Hg 2 Cl. 

Dissolves in boiling hydrochloric acid without evolution of gas, forming 
sal-am nioniac and corrosive sublimate : 

Hg 3 N,2HgCl + 4HCl = 5HgCl + NH 4 Cl. 

Boiling oil of vitriol exerts a similar action. The compound is not dis- 
solved or decomposed by boiling even with strong nitric acid, or with 
dilute sulphuric acid., or with alkalis, or with water. (E. Mitscherlich, 
J. pr. Ckem. 19, 453.) 

Calculation, according to Mitscherlich. 

5Hg 500-0 .... 85-50 

N 14'0 .... 2-39 

2C1 70-8 .... 12-11 

Hg 3 N,2HgCl 584-8 Z 100-00 

FF. PROTOCHLORTDE OF MERCURY AND AMMONIUM. Cl. With excess 

of sal-ammoniac, Salt of Wisdom, Sal Alembroth of the alchemists. 
Usually prepared by dissolving equal parts of corrosive sublimate and 
sal-ammoniac in water, and evaporating the solution. This proportion 
gives nearly 3 At, sal-ammoniac to 1 At. corrosive sublimate. A solution 
of corrosive sublimate and sal-ammoniac is likewise formed, with evolution 
of ammonia, on boiling a solution of sal-ammoniac with mercuric or iner- 
curous oxide, metallic mercury being separated in the latter case ; also 
on boiling the sal-ammoniac solution with mercuric or mercurous car- 
bonate, the action being then attended with evolution of carbonate of 
ammonia. (Wittstein, Repert. 57, 70.) 

135-4 pts (1 At.) corrosive sublimate dissolve, at 15'6, in 136 pts, of 
saturated solution of sal-ammoniac. [This solution, according to Karsten 
(II. 47), contains about 37 pts. of sal-ammoniac, so that the proportion 
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just mentioned gives about 3 At. corrosive sublimate to 2 At. sal- 
ammoniac.] The sal-ammoniac solution thus saturated with corrosive 
sublimate, still dissolves somewhat more than 37 parts of sal-ammoniac 
[thereby giving the proportion of 3 At. corrosive sublimate to 4 At. sal- 
ammoniac]. (J. Davy, Phil Trans. 1822, 362.) 

The solution of equal parts corrosive sublimate and sal-ammoniac in 
water, yields white precipitate when treated with caustic or carbonated 
alkalis. Spring water containing carbonate of lime, produces the same pre- 
cipitate, slowly in the cold, immediately on the application of heat. Sugar 
throws down calomel from the solution, not in the cold, but at 87. 
(Schindler, Mag. Pharm. 29, 265; Report. 36, 238; comp. Wmckler, 
JSepert. 33, 196; 38, 255.) 

b. Mono-acid, NH 4 C1, HgCl. 1. The solution of equal parts of 
corrosive sublimate and sal-ammoniac yields, on evaporation and cooling, 
first, crystals of sal-ammoniac; afterwards, when the mother-liquid is 
further evaporated and cooled, an additional quantity of sal-ammoniac, 
together with crystals of the double chloride, which must be separated 
mechanically and purified by recrystallizat ion. (Soubeiran.) 2. This com- 
pound is also formed when 1 At. (53'4 pts.) sal-ammoniac and 3 At. 
(135 P 4 pts.) corrosive sublimate are dissolved in a small quantity of 
boiling water the solution left to cool the mother liquid poured off 
from the crystals, which contain excess of corrosive sublimate and evapo- 
rated in the hot-air chamber to the crystallizing point; the remaining 
mother-liquid, when evaporated either in the air or in vacuo, yic4cls 
remarkably fine crystals. (Soubeiran, J< Pharm. 12, 184 and 231; also 
N. Tr. 13, 1, 201.) 

Transparent, colourless, elongated rhombic prisms, sometimes with 
the terminal edges, sometimes with the obtuse summits perpendicularly 
truncated. They are permanent in the air, but become opaque at 40 J , 
and gives off 5*5 per cent, of water at 100. When heated to partial 
sublimation, they are resolved into a sublimate richer in ammonia, and a 
residue richer in mercury. 

The salt dissolves in 0*66 pt. water at 10, and in nearly all proportions 
of boiling water. The boiling solution gives off a vapour having a 
metallic taste. With a sma.ll quantity of sulphuretted hydrogen, it yields 
a white, with a larger quantity, a black precipitate. * With potash or 
soda, it gives off ammonia and yields a precipitate, but is not thrown 
down by ammonia. [It gives a white precipitate with ammonia : Gm.j 
It is not affected by sulphuric, hydrochloric, or nitric acid. (Soubeiran.) 
A solution of 135'4 pts. (1 At.) corrosive sublimate, and 537 pts. 
(1 At.) sal-ammoniac, in 48 pts, (5-1- At.) water, is liquid at about 41, 
and when slowly cooled, deposits flattened four-sided prisms; if the 
quantity of water amounts to 144 pts. (16 At.), the solution has a specific 
gravity of V5S, and remains liquid at 13. (J. Davy.) 
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c. &i-acid. 1. Formed by subliming a mixture of 53'4 parts of sal- 
ammoniac and 270-8 parts of corrosive sublimate. (J. Davy.) 2. By 
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dissolving the same mixture in water, and leaving the solution to 
crystallize. The crystals obtained are sometimes anhydrous, sometimes 
hydrated. (Kane.) The anhydrous salt separates in rhombohedrons. 
(Kane.) It is easily fusible, and, on cooling, solidifies in a greyish white 
mass, having a faint pearly lustre. The temperature at which it volatilizes 
is much higher than the subliming point of corrosive sublimate or sal- 
ammoniac alone; and its sublimation is attended with partial decom- 
position, so that the sublimed mass contains traces of calomel and 
hydrochloric acid. (J.Davy.) 

The hydrated crystals are long silky needles. (Kane.) They have 
the same form as the corresponding potassium-salt (p. 101). (Mitscherlich, 
J. pr. Chem. 19, 453.) A solution of 1 At. of the anhydrous compound 
in 8 At. water is liquid at 60, and solidifies in needles on cooling; a 
solution containing 16 At. water, forms at 29 J a liquid of specific gravity 
1-98, and solidifies at 13. (J. Davy, Phil Trans. 1822 ; 362.) 

Anhydrous. Hydrated. 

NH 4 C1 53-4 .... 16-47 NH 3 53'4 .... 16-02 

2HgCl 270-8 .... 83-53 2HgCl 270'8 .... 81-28 

HO 9-0 .... 2-70 

NH 4 Cl,2HgCl.... 324-2 .... lOO'OO + Aq 333'2 .... lOO'OO 

GG. BASIC HYDROFLUATE OF MERCURIC OXIDE AND AMMONIA. 
When aqueous ammonia is poured upon protofluoride of mercury, a white 
basic double salt is formed. (Berzelius.) 

HH. NITRATE OF MERCUROUS OXIDE AND AMMONIA. a. J3asic. 
HaJinemamis Soluble Quicksilver^ Mercurius Soli bilis B alinemanni. To 
form this compound, a very dilute solution of mercurous nitrate, which 
must be as free as possible from excess of nitric acid, and from mercuric 
nitrate, is precipitated in the cold by very dilute aqueous or alcoholic 
ammonia, added gradually and in less than equivalent quantity, the liquid 
being well stirred all the time; the precipitate is then quickly thrown upon 
a filter, washed with cold water, pressed between paper, and dried in the 
shade at ordinary temperatures. Even the first small quantities of ammonia 
do not throw down pure mercurous oxide, but a compound containing 
as much nitrate of ammonia as the portions subsequently precipitated. 
(C. G. Mitscherlich.) According to Soubeirari, the first precipitate con- 
tains nothing but mercurous oxide, with a small quantity of nitric acid, 
but no ammonia. According to Pagenstecher, the very first precipitate 
produced by an exceedingly small quantity of ammonia is lighter than 
that which is afterwards formed on the addition of more ammonia ; 
Mitscherlich never observed this difference; a very small quantity of 
ammonia colours the solution dark bro\vn. When the mercurous solution is 
supersaturated with ammonia, the filtrate contains basic nitrate of mercuric 
oxide and ammonia,* which separates out in crystals as the ammonia 
evaporates. (Pagenstecher.) 

If the mercurous solution likewise contains mercuric oxide, basic nitrate 
of mercuric oxide and ammonia is precipitated at the same time, and 
causes the precipitate to exhibit a paler grey colour. If excess of nitric 
acid is present, a larger quantity of nitrate of ammonia is formed, which, 
when it acts in excess, decomposes part of the mercurous oxide in the pre- 

* The compound designated in this and several other places by the old name of 
basic nitrate of mercuric oxide and ammonia, is probably HgNH--{- 2HgO,N0 5 . 
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cipitate into mercuric oxide and metallic mercury, in consequence of its 
greater affinity for mercuric than for mercurous oxide; so that the pre- 
cipitate becomes mixed with mercury and basic nitrate of mercuric oxide 
and ammonia. For the same reason, it is necessary to filter immediately 
after precipitation. (C. G. Mitscheiiich.) 

If the ammonia acts in excess on particular parts of the solution, it 
decomposes the precipitate there produced with greater facility in pro- 
portion as it is more concentrated into metallic mercury and basic nitrate 
of mercuric oxide and ammonia, which dissolves in the excess of ammonia, 
but is afterwards precipitated as it mixes with the rest of the liquid. 
(C. G. Mitscherlich.) It is therefore necessary to use very dilute 
ammonia, pour it in by a tube drawn out to a fine point, and stir the 
liquid constantly. Pagenstecher and Pleischl likewise consider it disad- 
vantageous to pour the ammonia on the surface of the liquid [probably 
because, being specifically lighter, it then mixes less easily with the other 
portion] ; they therefore recommend pouring it in through a long-necked 
funnel, the beak of which may likewise be used as a stirrer. 

If the quantity of ammonia added be such as nearly to saturate the 
nitric acid, the precipitate, which is at first nearly black, gradually 
acquires a lighter grey colour, partly because the mercurous solution is 
frequently mixed with mercuric oxide, and consequently a basic nitrate of 
mercuric oxide and ammonia is deposited as the acid becomes further 
saturated, partly because the same salt is produced by the action of excess 
of ammonia in particular parts of the liquid, and being at first dissolved 
by the more acid liquid, is afterwards precipitated on the addition of a 
larger quantity of ammonia. According to C. G. Mitscheiiich, the decom- 
position into mercuric oxide and metallic mercury takes place long before 
the liquid acquires an alkaline reaction; hence it is necessary to leave 
a considerable quantity of the mercurous solution undecomposed. To 
avoid exceeding the proper quantity of ammonia, a decanted or filtered 
sample must he treated with fresh ammonia., to ascertain whether it still 
gives a black precipitate; or the quantity of ammonia must be determined 
before-hand, according to the quantity of mercurous nitrate, as recommended 
by Pagensteehcr, Pleisehl, and others. 

To obtain a solution of inereurous nitrate as free as possible from 
mercuric oxide and excess of acid, the crystals of the scsquibasic or mono- 
basic nitrate of mercurous oxide (pp. 71, 72) obtained by leaving cold 
nitric acid in contact with excess of mercury, and rinsed with cold water, 
must be agitated with a large quantity of lukewarm water, and the solution 
separated hy <loca.ntat.ion from the residual yellow bibasic salt. The 
latter may also be dissolved in lukewarm water, to which nitric acid is very 
cjiutiou.sly added, just as the crystals of the sesquibasic or monobasic salt 
may likewise be immediately and completely dissolved in water to which 
neid is added; there is, however, great risk of adding too much acid, 
unless it be introduced in small portions, and the liquid well shaken after 
each addition, to insure that the quantity of acid is not yet sufficient for 
the complete solution of the basic Halt. In the preparation of mercurous 
nitrate, according to Bucholx/s method (pp. 73, 4), the admixture of mercuric 
oxide cannot be avoided with an equal degree of certainty. The presence 
of mercuric oxide in the mercurous .solution is recognized by precipitating 
with common salt in the cold and filtering; any mercuric oxide that may. 
be present passes into the Jiltrate in the form of mercuric chloride. 
(C. G. Mitschcrlich.) 

Special directions for the preparation of this compound may be found 
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in the pharmacopoeias, and are likewise given by Bucholz (Berl. Jakrl> t 
1806, 207), Beissenhirtz and Brandes (Br. Arch. 1, 2, 294), Pagensteclier 
(Eepert. 16, 406), Stein & Buchner (Repert. 16, 406), Monheim (Repert. 
34, 191), Stoltze (Berl. Jakrb. 25, 3, 49), Pleischl (Zeitschr. Phys. 0. Wiss. 
3, 318), C. G. Mitscherlich (/ty^. 9, 399), Duflos (tf". r. 4rc. 23, 309), 
and others. The method of Duflos is peculiar in this respect, that ] part 
of highly rectified spirit of wine saturated with ammoniacal gas, and 
mixed with 12 parts of spirit of wine, is used for the precipitation, the 
mercurial solution being added to this liquid stirring all the while till 
the mixture slightly reddens litmus. This process yields a blacker pre- 
paration than the rest; for, according to Duflos, the tendency of the 
nitrate of ammonia produced in the reaction to decompose the precipitated 
mercurous oxide into metallic mercury and mercuric oxide, is less powerful 
in the alcoholic than in the aqueous solution. [After long standing, 
however, the precipitate assumes a lighter grey colour, even in the 
alcoholic solution.] 

The compound is black or greyish-black while moist, and blackish- 
grey when dry. In the pure state, it does not yield any globules of 
mercury when pressed. 

C. G. Mitscherlich. Duflos. Kane. 

3Hg 2 624 .... 88-63 .... 88-95 .... 88-8 to 89'5 .... 85'6 

NH 3 17 .... 2-42 .... 2-46 

NO 5 54 .... 7-67 .... 7-32 

HO 9 .... 1-28 

3Hg 2 O~+NH 4 O,NO* ^TTTlOO-OO ~. 

If the quantity of ammonia required to neutralize the nitric acid con- 
tained in the solution be divided into 4 parts, and the liquid filtered 
after the addition of each portion, four different precipitates are obtained, 
as follows: the first is black, and after drying at 38 U , contains 82'3 per 
cent, of mercury; the second is black, and contains 84*5 per cent, mer- 
cury; the third is dark grey, and contains SG'7 per cent, mercury; and 
the fourth has a lighter grey colour, and contains 89 per cent, mercury. 
The quantity of mercury contained in the first precipitate agrees with the 
formula 2Hg 2 + NH 3 ,N0 5 . (Kane, Ann. CIdm. PIu/s. 72, 257 ) 

According to Soubeiran, Hahnemann's quicksilver is a variable 
mixture of basic mercurous nitrate and the salt to which he gives the 
name of Protonitrate ammoniaco-mercund (p. 96). 

Hahnemann's quicksilver, when exposed to light, is gradually resolved 
into metallic mercury and basic nitrate of mercuric oxide. Heated in a 
glass tube, it sublimes without residue, and yields a sublimate consisting 
wholly of mercury. (Duflos.) According to Buchner, it yields an orange- 
yellow sublimate of basic mercuric nitrate. With caustic potash, it gives 
off a small quantity of ammonia (none, according to Soubeiran). Baryta- 
water deprives it of only part of its acid, but aqueous sulphide of barium 
takes away the whole, and drives out all the ammonia. (C. G. Mitscher- 
lich.) With oil of vitriol, it gives off nitrous fumes. (Soubeiran.) Boiling 
hydrochloric acid dissolves it completely, forming a solution of proto- 
cliloride of mercury and ammonium. (C. Gr. Mitsoherlich.) Probably 
thus : 

3Hg-0 + N1I 3 ,NO 5 + 7HC1 = CHgCl + NH 4 C1 + NO 2 + 6HO. 

Cold dilute hydrochloric acid converts the preparation into calomel, and 
dissolves out mercuric oxide, which is almost always present in the form 
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of basic nitrate of mercuric oxide and ammonia produced either during 
h TO ration or afterwards. Cold hydrochloric acid .omein.es gives 
ri^ to tC formation of a detonating compound (C G. MitechcrJich.) 
CoTd dilute nitric acid dissolves out niercurous oxide (Bucholz , or basic 
mercurou nitrate (Soubeiran), [or pure Halmemann 8 quicksilver , and 
kivesaless soluble white salt [the basic nitrate of mercuric oxide and 
anmionia which is generally mixed with the salt; feoubeiran however, 
re^rds it as basic nitrate of niercurous oxide and ammonia] Boiling 
acetic acid dissolves the whole, with the exception of a levy globules of 
mercurv (Bucholz ) With aqueous ammonia, Hahncmann s quicksilver 
is reeved into metallic mercury, and soluble basic nitrate ^ of mercuric 
oxide and ammonia. (C. G. Mitscherlich.) It behaves in a similar 
manner with sulphate, hydrochlorate, or nitrate of ammonia, especially 
when heated. (Gomp. Wittstein, ReperL 57, 62; who, however, explains 
the reaction in a different way.) m t 

The preparation long known by the name of Mercurwx cmernts Blackii 
s. Edinburgtmium, obtained by precipitating mercurous nitrate with car- 
bonate of ammonia, is, when prepared with an equal degree of care, almost 
identical with Hahnemann's quicksilver, but gives ofl'a small quantity of 
carbonic acid when treated with acids; if, on the contrary, the precipita- 
tion be carelessly performed, the product is of a ^ pale. grey colour, and 
probably consists of a mixture of Hahnemann's quicksilver with mercury 
and nitrate of mercuric oxide and ammonia. 

b. Monobasic. By evaporating a mixture of mercurous nitrate and 
nitrate of ammonia, prismatic crystals are obtained, the aqueous solution 
of which yields a grey precipitate both with ammonia and with carbonate 
of potash. (Pagenstecher, Mepert. 14, 188.) Thin givy precipitate, aw it 
yields globules of mercury when triturated after drying, and is not turned 
white by acetic acid, must be regarded as a mixture of metallic mercury 
and basic nitrate of mercuric oxide and ammonia, inasmuch as tin* nior- 
eurous oxide, at the very moment of precipitation, is resolved into mercuric 
oxide and metal. (Pagenstecher.) Buclmer (/'<j><rL y?, -11 j in preparing 
Hahnemann's quicksilver, and leaving the solution to stand over -night, 
after the addition of a small quantity of ammonia, probably obtained the 
same salt in small, translucent, bluish-grey, oblique rhombic prismH, 
having the metallic lustre, and yielding a white powder. These crystals 
were insoluble [slightly soluble?] in water, but soluble in nil rie* acid, 
gave off nitric acid when heated with oil of vitriol, and were blackened' 
by potash, but did not give off ammonia. From these properties, Buchncr 
was led to regard them as basic nitrate of meivurou.s oxide. According 
to C. 0.^ Mitscherlich, however, the crystals give oil" ammonia much more 
freely with sulphide of barium than with potash; and crystals obtained 
by that chemist under similar circum.stances yielded uhite calomel when 
triturated with common salt; they could not/tlierefoi-e, be ji ba.sic silt. 

II. COMPOUNDS OF BASIC MERCURIC XITHATK WITH Mi-:i:rurc 
AMIDE.- a. Hg,NH a + 5HgO,N0 6 ?Soinctin.es obtained in the form of 
a yellow precipitate when a str,ng solution of mercuric nitrate is mixed 
with a very large excess of ammonia. Frequently, however the* sail h or 
c is formed instead of this compound. Contains S4 or s.'i per c,nt of 
mercury together with monoaitrato of ammonia. (Kane, Ann. J,'///,/*. /%. 

P, JriV h l S b fp Pr0b S bl7 x bel llgS lle of tllc tlir<4(k *^ exanmie<l by 
Pagenstecher (Mepert. 27, 1), and formed by mixing a olutin of mercuric 
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(or mercurous) nitrate with a large excess of ammonia, and leaving the 
liquid to evaporate; the salt is then precipitated. It is light yellow, but 
gradually turns brown when exposed to sunlight. When decomposed by 
sulphuretted hydrogen under water, it y.'elds a neutral solution of nitrate 
of ammonia, containing 6*08 per cent., and 96 '5 per cent, of sulphide of 
mercury (= 83*18 metal = 8,9 84 mercuric oxide). When heated in a 
retort, it gives off nitrous fumes, together with a small quantity of water; 
forms a yellowish-red sublimate; and leaves a red powder, which disappears 
on the application of a strong heat, and yields an orange-yellow sublimate, 
quite free from metallic mercury. Dissolves in cold hydrochloric acid, and 
is precipitated unchanged by ammonia; dissolves sparingly in ammonia; 
and crystallizes out as the ammonia evaporates. Not decomposed by 
oil of vitriol, or by warm aqueous potash ; the latter, however, deepens 
the yellow colour. (Pagenstecher.) 

b. Hg,NH 2 + 3HgO,N0 5 . 1. Formed by decomposing a dilute solu- 
tion of mercuric nitrate with a slight excess of ammonia. (Soubeiran.) 
The precipitation must be performed at a high temperature, or, if the 
precipitate be formed in the cold, the mixture must be afterwards heated. 
The same compound is formed on boiling the salt c with water. 

White granular powder, which, when heated, turns yellow, gives 
off nitrogen gas, ammonia, and afterwards nitrous fumes, and finally 
oxygen gas and mercury. (Kane.) When suspended in water through 
which a current of suphuretted hydrogen is passed, it yields sulphide 
of mercury and a neutral solution of nitrate of ammonia. (Soubeiran, 
Kane.) Boiled with hydrochloric acid, it gives off nitrous fumes. Dis- 
solves in cold hydrochloric acid, and is precipitated from the solution 
in the form of a granular powder by water; dissolves very sparingly 
and without decomposition in nitric and sulphuric acid; dissolves in 
ammonia and is paiily precipitated from the solution by water. (Sou- 
beiran.) Not dissolved or decomposed by water or solution of potash, 
either cold or boiling. (Soubeiran.) 

Kane. Soubeiran. 

4Hg 400 .... 80-97 .... 81-26 .... 79'8 

NH 2 16 .... 3-24 

3O 24 .... 4-8G 

NO* 54 .... 10-93 

494 .... 100-00 
May likewise be regarded as Hg 3 N + HgO,N0 5 + 2HO. (Rammelsberg.) 

c. Hg,N[I 2 4-2HgO,N0 5 . Formed by precipitating a dilute solution 
of mercuric nitrate containing the slightest possible excess of acid, with 
dilute ammonia, not in excess. The same compound is likewise formed 
when torbasic nitrate of mercuric oxide is boiled for a moment with 
solution of nitrate of ammonia, which thereby acquires an acid reaction : 

(3HgO,NO + HO) -h NH 3 ,NO 3 = (Hg,NH 2 + 2HgO,NO 5 ) + NO + 2HO. 

Soft, white precipitate, which remains for a long time suspended 
in the liquid, and may be dried at 100 J without decomposition. Exhibits 
the same characters as b, when heated, or when acted upon by potash. 
Boiled with water, it gives up a small quantity of nitratQ of ammonia 
and is converted into the salt b, becoming thereby granular and of a less 
pure white. (Kane.) Dissolves sparingly in aqueous nitrate of ammonia 
containing free ammonia. (C. G, Mitscherlich.) 
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3Hg... 


300 ... 
16 


. 77-72 .. 
. 4-15 .. 
4'15 .. 
. 13-98 .. 


Kane. 
.. 76-41 
.. 3-78 

" 12-66 


C.G.Mitscherlidu 
75-47 
4-40 
6-05 
14-33 NH 4 O,^ 


Pagenstecher* 
74-12 

5-92 


20 ... 
NO 5 .., 


16 ... 

54 ... 



386 .... 100-00 .... .... 100-25 



d. Hg,NH 2 + 3HgO,N0 5 + NH 4 0,N0 5 , according to Kane, or 2HgO +- 
NH 8 ,N0 5 , according to C. G. Mitscherlicb.~The salt c dissolved I* 1 
aqueous nitrate of ammonia, yields yellowish crystals on evaporation* 
J. C. Fr. Meyer likewise obtained crystals united in stellate masseSf 
by supersaturating mercuric nitrate with caustic ammonia or carbonate 
of ammonia, till the precipitate was redissolved, and then evaporating 
the liquid. The crystals are easily decomposed by alkaline hyclrp- 
sulphatcs and by hydrochloric acid, but not by other acids. Nitric acid 
dissolves them very sparingly; sulphuric acid, ammonia, and potrtsl** 

- - -very 




Pagenatecher's salt, which 
separates after a few hours from a mixture of mercuric nitrate a/nl 
nitrate of ammonia, and is likewise produced by digesting mercuric 
oxide, at a gentle heat with a strong solution of nitrate of ammonia. It I*> 
white; does not turn brown when exposed to light; gives off more water 
by distillation than c; and nevertheless evolves ammonia when treated 
with potash, and acid vapours with oil of vitriol (Pagenstecher.) 
Mercuric nitrate forms a white precipitate with nitrate" of ammonia; 
the liquid filtered from this precipitate yields, on evaporation, six-side* I 
prisms with pyramidal summits. (Fourcroy, Ann. Ghim. 14 ; 37.) 



216 
Ml" ............ 17 

NO-' ............ 54 





C. G. Mitscherlich. 


Pagenstecher. 


75-2G 


75-22 


73-50 


5-92 

18-82 


5-80 ) 
18-12 I 


23-75 



287 .... 100-00 .... 99-H 



c. ^ 

NO 5 ). The .solution of the salt c in a strong boiling solution of nitro,t* 
of ammonia, filtered hot, yields, on cooling, shining needles which a/fttr 
a while become dull and opaque. Water extracts nitrate of ammonl't 
from these crystals, and leaves the salt c. The same salt is obt;un! 
by boiling mercuric nitrate with nitrate of ammonia. (Kane, Ji^tn, 
(J/fim. r/tt/K. 72, L>-12.) 

Kane. 
.HI- ............ .100 .... 59-52 5H7i) 

if)' ................ :12 .... 4-7G 

51 .... 7-r>u 7-G5 

1('2 .... 24-11 24-70 
27 .... 4-02 



100-00 



Mercuric oxide dissolves in a very lar^e excess of nitrate of ammorim 
forming a liquid which is not precipitated by ammonia; so likewi.v.** 
does niercurous oxide, but with separation of metallic mercury. (\Vitf 
Bt.ein, ./tt'jH'H: 57, 70.) 

,S'o?//Wm//',s* M-c<iffc(/ Mcrcurom salt, Protonitrate ammoniaco-rner 
citric/. Formed by mixing a solution of mercurous nitrate with a 
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quantity of nitric acid or nitrate of ammonia, and then precipitating 
by ammonia ; or by adding ammonia to the solution of mercurous nitrate 
till the precipitate begins to turn white, then filtering and precipitating 
by ammonia. White, tasteless powder. Heated in a glass tube, it 
gives off nitrous fumes, sometimes with emission of light, and leaves 
red oxide of mercury. When suspended in water, through which 
sulphuretted hydrogen is passed, it is resolved into 95*87 per cent, 
of sulphide of mercury and a neutral solution of nitrate of ammonia. 
It dissolves abundantly in hot oil of vitriol, which decomposes it but 
slightly. Nitric acid dissolves it without decomposition, and the more 
abundantly, the hotter it is. It dissolves slowly in cold, more quickly 
in Lot hydrochloric acid. Aqueous ammonia dissolves it in considerable 
quantity, It is not dissolved or altered, even at a boiling heat, by 
water, or by a strong solution of potash or soda. Contains 92-2 per 
cent. (4 At.) mercurous oxide, 1*88 p. c. (1 At.) of ammonia, and 5'92 
p. c. (1 At.) of nitric acid. (Soubeiran, J. Pharm. 12, 465, 509 and 561; 
also N. Tr. 14, 1, 197; further, Ann. Ghwi. Pkys. 36, 220.) This view 
of its composition appears to be confirmed by its formation from a 
solution of mercurous oxide. It must not be forgotten, however, that 
such a solution often contains mercuric oxide. This oxide is likewise 
formed from the mercurous oxide, with separation of metallic mercury, 
by the action of ammonia and nitrate of ammonia, which latter is added 
by Soubeiran to the mercury solution, either in the form of the salt 
or of its separate constituents. (That such decomposition of the mercurous 
oxide may take place, is shown, both by the facts adduced on page 91, 
and by the following experiments of C. G. Mitscherlich.) Mercurous 
oxide is quickly decomposed in a strong solution of nitrate of ammonia, 
and slowly in a dilute solution, into metallic mercury and a white 
mercuric double salt. On adding ammonia to a mercurial solution 
previously mixed with nitrate of ammonia, metallic mercury is preci- 
pitated, and the filtrate treated with potash yields a white mercuric 
double salt. It is true that Soubeiran found that the sulphide of 
mercury thrown down from the solution by hydrosulphuric acid yielded 
globules of mercury on trituration, and 92 per cent, of mercury globules 
when distilled with lime, and consequently had the composition of 
disulphide of mercury; but this result might perhaps be due to the 
presence of metallic mercury in the preparation used for the experiment. 
On the other hand, the solubility of the salt in hydrochloric acid, 
without separation of calomel, a property first recognized by Soubeiran 
himself, is in favour of the supposition that it is a mercuric salt. 
Moreover, Pagenstecher, C. G. Mitscherlich, and Kane were unable to 
form any white mercurous salt agreeing with this compound. Hence 
it is probable that Soubeiran 1 s salt is the mercuric salt 6, partly mixed 
with mercury. 

MERCURY AND POTASSIUM. 

A. POTASSIUM- AMALGAM. 1. The two metals unite even at ordinary 
temperatures, the combination being attended with great evolution of 
lieat. (H. Davy.) 2. When mercury is placed in a cup connected with the 
negative pole of a voltaic battery of at least 20 pairs, and covered with a 
strong solution of potash in which a piece of hydrate of potash is immersed, 
and into which the positive wire dips, the merppj^^gipj^poj^sfjjp.. 
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(Berzelius.) 1 part of potassium forms with 30 parts of mercury, an 
amalgam which, after cooling, is tolerably hard and brittle; with 70 pts. 
mercury it likewise forms an amalgam which is solid at ordinary tempera- 
tures, but with more than 70 pts., it forms a liquid amalgam. (H. Davy.) 
According to Gay-Lussac and Thenard, the amalgam is solid and crystal- 
line when it contains from 70 to 96 pts. of mercury to 1 pt. of potassium, 
but liquid when the proportion of mercury amounts to 140. According 
to Bottger (/. pr. Cheni. I, 30-3), the amalgam is perfectly solid when it 
contains 100 pts. of mercury to 1 pt. of potassium; with 140 mercury, it 
is very hard; with 180 mercury, friable and partially crystallized; with 
200 mercury, viscid. The amalgam crystallizes in cubes. (Berzelius & 
Pontin.) The solid amalgam fuses when slightly heated. It gives off its 
mercury below a red heat. (H. Davy.) When exposed to the air or 
immersed in water, it is resolved into mercury and aqueous .potash, 
hydrogen gas being slowly evolved; a similar change is produced by 
aqueous acids. In contact with moist ammoniacal salts, it is resolved 
into a potash-salt and ammoniacal amalgam. It amalgamates easily with 
iron and platinum. (H. Davy.) 

Mercuric oxide is slightly soluble in aqueous carbonate of potash. (Berzelius, 
Wittstein, Repert. 81, 156.) 

B. SULPHIDE OP MERCURY AND POTASSIUM; HYDRATED. "When 
cinnabar is prepared in the humid way by Kircbhoff's process (p. 22), the 
liquid separated from the cinnabar contains a considerable quantity of 
mercury in solution, in consequence of the large excess of potash present, 
and, when evaporated in a retort, and subsequently cooled, yields at first 
crystals of hyposulphite of potash, and then, after further concentration, 
solidifies in a gelatinous mass, consisting of very fine silky needles. These 
needles are dried by pressure, between blotting-paper. When exposed to 
the air, they soon turn grey and afterwards black, emitting 1 an odour like 
that of sulphuretted hydrogen, with which another odour is mixed. 
Under water they resolve themselves into a black powder, of which a 
larger quantity separates from the liquid on further dilution ; but if the 
water contains sal-ammoniac, the whole of the black powder separates 
immediately. This black powder has the characters of black sulphide of 
mercury, but contains a few globules of mercury; the aqueous liquid is 
free from mercury, and contains sulphide of potassium together with 
hyposulphite of potash. This salt cannot be prepared by treating cinnabar 
with aqueous hyposulphite of potash and sulphide of potassium. (Brunner, 
Pogg. 15, 596.) 

Crystallized. Brunner. 

K 39'2 .... 18-13 .... 18-26 

S 16-0 .... 7-40 .... 7-08 

% 100-0 .... 40-25 ) 

S 16-0 .... 7-40 } 5428 

5HO 45-0 .... 20-82 

KS,HgS+5Aq. .... 216-2 ~ lOO'OO 

C. HYPOSULPHITE OP MERCURIC OXIDE AND POTASTI. Formed by 
agitating a solution of 5 pts. hyposulphite of potash in 24 pts. of boiling 
water with 2 pts. finely pounded mercuric oxide, warming the liquid fre- 
quently till the oxide is completely dissolved, and filtering hot. (Kirch- 
hoff.) Mercuric oxide dissolves, with evolution of heat, in hyposulphite 
of potash; when mercurous oxide is used, metallic mercury remains 
un dissolved. The liquid must not be boiled, otherwise black sulphide of 
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will separate out. (Rammelsberg.) The solution, as it cools, 
delicate white prisms, which must be separated from the mother- 
id, containing free potash, washed with cold water, and again crystal- 
from solution in hot water. They then no longer redden turmeric; 
taste is bitter and afterwards metallic. (Kirchhoff.) The crystals 
the form of fig. 55. (Herschel.) 

Crystallized. Rammelsberg. KirchJiofF. 

ICO ................................ 47-2 .... 18-79 ........ 24*75 .... 23-81 

108-0 .... 42-99 ........ 33-18 .... 42-83 

96-0 .... 38-22 ........ 41-27 



251-2 .... 100-00 ........ 99-20 

The salt becomes somewhat grey on drying. (Kirchhoff.) Turns 
l>lack when exposed to light. (Rammelsberg.) Does not effloresce in the 
^i*- (Kirchhoff.) When distilled alone, it gives off sulphurous acid, 
sulphur, sulphide of mercury, and metallic mercury, and leaves sulphate 
of potash (Rammelsberg), amounting to 44 per cent. (KirchhofF.) When 
Distilled with water, it yields a distillate containing sulphurous acid, 
vHiilst 46 per cent, of cinnabar remains in the retort, together with a 
slight excess of sulphur and sulphate of potash. (Kirchhoff.) The aqueous 
solution deposits black sulphide of mercury on boiling, and cinnabar when 
left at rest. (Rammelsberg.) Sulphuric, hydrochloric, and nitric acid, 
render the solution milky in the course of five minutes (from separation 
of sulphur, according to Ramnielsberg), and throw down cinnabar, causing 
a/fc the same time an. evolution of sulphurous acid gas. The solution is not 
o-ffected by sulphurous acid, acetic acid, potash, or soda. Baryta or lime-. 
water produces, after a while, a greyish yellow precipitate, which gives off 
sulphurous acid when treated with stronger acids. Mercurous nitrate 
produces a blackish grey precipitate; bismuth, lead, iron, and copper, 
decompose the salt. (Kirchhoff.) Lead-salts produce a white precipitate; 
silver-salts, a precipitate which contains mercury, and is yellow at first, 
"but afterwards turns brown. (Rammelsberg, Pogy. 56, 315.) The salts of 
"baryta, zinc-oxide, cadrnic oxide, and ferrous oxide, produce no precipitate. 
This salt is soluble in 10 parts of water at 15, and in half its weight of 
boiling water; alcohol precipitates it from the aqueous solution. (Kirchhoff, 
Scher. Ann. 2, 30.) 

11. C'. SULPHATE OF MERCURIC OXTDE AND POTASH. KO,S0 3 
-+- 3(HgO,S0 3 ) -f 2 Aq. Prepared by dissolving 1 At. anhydrous mercuric 
sulphate in hot sulphuric acid, digesting the liquid with a solution of 1 At. 
sulphate of potash till the precipitate first formed re-dissolves, then adding 
boiling water till a permanent turbidity is produced, and leaving the 
wliole to cool slowly. Large colourless crystals belonging to the oblique 
prismatic system. (Hirzel, Zeitschr.f. Pharm. 1850, 17.) ^f 

D. IODIDE OF MERCURY AND POTASSIUM. a. Mono-acid? KI, Hgl. 
Tliis salt may be supposed to exist in the liquid obtained by dissolving 
tlie salt b in water, inasmuch as 1 atom of mercuric iodide is thereby 
separated. The solution, when evaporated, yields no crystals, but a 
yellowish mass; and on dissolving this mass in water, iodide of potassium 
separates out at first, but is re-dissolved on agitation. (P. Boullay, Ann. 
Cshi'm. Phys. 34, 34;3.) This liquid must be regarded as a solution of the 
salt b in aqueous iodide of potassium; for when evaporated, it yields 
needles of the salt b and cubes of iodide of potassium. (Souville, J. Pharm. 
2 6, 475 ; Laboure, N. J. Pharm. 4, 300.) 

H 2 
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b. Si-acid. KI,2HgL 1. Formed by saturating hot aqueous; * 

iodide of potassium with protiodide of mercury; leaving the solution | 

to cool till the third atom of mercuric iodide has crystallized out; then | 

pouring off the liquid, and leaving it to cool to a still lower temperature : | 

prisms of the salt b are then obtained, (Boullay.) Aqueous iodide of if 

potassium saturated in the cold with mercuric iodide, aud then evapo- I 

rated in the open air, if it be very dry, or else under a bell-jar over oil of | 

vitriol, likewise yields the crystals, (v. Bonsdorff). 2. The double 
salt may also be obtained by saturating a boiling solution of potash with 
iodide of mercury, whereupon mercuric oxide separates out; as the liquid 
cools, iodide of mercury is first deposited; and afterwards the salt b. 

4HgI + KO = (KI,3HgI) + HgO. 

Also when iodide of mercury is boiled with alcoholic potash, or with 
carbonate of potash and alcohol, a liquid is obtained, which, on cooling, 
deposits yellow needles of the salt b. (Berthemot, J. Pharm. 14, 186.) 
2. By boiling either the protoxide or the dioxide of mercuric oxide with 
aqueous iodide of potassium, the protoxide is completely dissolved, and 
the liquid contains free potash, with only 2 At. iodide of mercury to 1 At. 
iodide of potassium, and therefore, on cooling, deposits no iodide of mer- 
cury, bat only the salt 6 ; when the dioxide is used, metallic mercury 
immediately separates, mixed, if the oxide is in excess, with diniodide of 
mercury (Berthemot) : 

2HgO,3KI = Kl,2HgI + 2KO. 

4. By evaporating the solution of corrosive sublimate in aqueous iodide of 
.potassium till it crystallizes, and dissolving out the salt b with alcohol, 
which leaves behind the chloride of potassium. (Bonsdorff, Pogg. 17, 265): 



2HgCl 4- SKI = KI,2Hgl + 2KC1. 

Long, yellow prisms, resembling the ammonium-compound and sulphur; 
somewhat greenish after drying. Gives off a small quantity of water 
when heated, afterwards fuses to a red liquid, arid lastly gives off iodide 
of mercury. (Boullay.) The liquid obtained by the application of a 
moderate heat is oily and yellow, and, on cooling, solidifies in a greenish 
yellow mass, having a radiating fracture ; but at a higher temperature, it 
turns brown, and afterwards solidifies, on cooling, in a mass having a 
granular fracture; at a still higher temperature, it turns dark brown, and 
gives off iodide of mercury. (Brandes & Bohm, N. Br. Arch. 23, 175.) 
The salt, when heated with copper or iron, gives up all its mercury, which 
distils over. Chlorine gas decomposes it, and on the application of heat, 
finally converts it into chloride of potassium. Dilute acids separate all 
the iodide of mercury from it. Water separ^cs about half the iodide of 
mercury, and forms a solution containing the salt a. (Boullay.) The salt 
is permanent in dry air, but becomes moist in air which is not quite dry. 
When a stratum of its alcoholic solution is left to evaporate in a watch- 
glass, so thafc a thin film of the salt may remain on the glass, this residue 
turns red when breathed upon, but recovers its yellow colour on being 
gently heated. (Brandes & Bohm.) Strong acetic acid (which neither 
dissolves iodide of potassium nor iodide of mercury) dissolves the double 
salt, and water added to the solution separates iodide of mercury. (Ber- 
themot.) The salt dissolves without decomposition in strong alcohol and 
in^ ether. (Boullay, Berthemot.) The alcoholic solution may be mixed 
Jjvith the ethereal solution without producing a precipitate. The solution 
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in alcohol of 70 per cent., or weaker, deposits beautiful crystals of iodide 
of mercury, when left to evaporate spontaneously. (Brandes & Bohm.) 

Anhydrous. Boullay. 

KI 165-2 .... 26-77 .... 29'7 

2HgI 452-0 .... 73-23 .... 70'3 



KI,2HgI 617-2 .... 100-00 .... lOO'O 

Crystallized. Boullay. 

KT,2HgI 637-2 .... 95*81 .... 95'5 

3HO 27-0 .... 4*19 .... 4'5 

~+3Aq 644-2 .... lOO'OO ~ 100.0 

c. Ter-acid? 165*2 pts. (1 At.) of iodide of -potassium, dissolved in a 
small quantity of water, take up 672 pts. (3 At.) of iodide of mercury at 
a, boiling heat, but the solution deposits 1 At. again on cooling. On the 
addition of alcohol, a smaller quantity of mercuric iodide separates out. 
(Boullay.) According to Souville, a boiling aqueous solution of iodide of 
potassium dissolves more than 2 atoms of mercuric iodide, but not so much 
as 3 atoms ; the mixture, therefore, is not a definite compound, but a mere 
solution of mercuric iodide in the solution of salt b. 

Iodide of potassium dissolved in a boiling solution of mercuric nitrate, 
yields, on cooling, flat, colourless needles, consisting of a compound of 
Iodide of potassium with mercuric nitrate ; they are easily decomposed by 
water, and when heated, give off iodide of mercury, together with the 
decomposition-products of nitric acid. (Preuss, Ann. Pharm. 29, 328.) 

E. BROMIDE OF MERCURY AND POTASSIUM. a. Mono-acid ? The 
aqueous solution of equal parts of bromide of potassium and salt I, yields 
on evaporation, prismatic crystals, which are permanent in the air, and 
probably consist of KBr,HgBr.-~ (Bonsdorff, Pogg. 19, 339.) 

b. Bi-atid. Formed by saturating a moderately concentrated solution 
of bromide of potassium with protobromide of mercury, and evaporating 
to the crystallizing point. (Lowig, Bonsdorff.) 

Yellow octohedrons (Lowig); flattened rhombic prisms with the ter- 
minal faces somewhat oblique. (Bonsdorff.) Lo wig's salt was anhydrous, 
Bonsdorff s contained water. The crystals fuse without giving off water, 
and yield a sublimate of mercuric bromide. Considerable quantities of 
water separate half the mercuric bromide. (Lowig.) A concentrated 
solution of bromide of potassium takes up about 3 At. bromide of mer- 
cury when heated, and is converted into a stiff, opaque mass, which, when 
cooled or diluted with water, gives up the excess of bromide of mercury, 
so that only 2 At. remain in solution. (Lowig.) 



KBr 


Anhydrous. 
.. 117-6 24-79 


KBr 
2HgBr.... 
2HO .... 


Crystallized. Bonsdorff. 
117-6 .... 23-88 .... 24-10 
356-8 .... 72-46 .... 72*42 
18-0 .... 3-66 .... 3-48 


2HgBr 


.. 350-8 .... 75-21 



KBr,2HgBr 474'4 .... lOO'OO +2Aq... 492'4 .... lOO'OO .... lOO'OO 

F. CHLORIDE OF MERCURY AND POTASSIUM. a. Mono-acicL A 
solution of 7 pts. chloride of potassium in 21 pts. water, moderately 
heated, takes up 8 pts. of corrosive sublimate; afterwards, if cooled down 
to 15'5, it deposits a few needles; and at 10, solidifies almost completely 
in a mass composed of needles. (J. Davy.) 1. An aqueous solution of 
chloride of calcium mixed with a solution of corrosive sublimate in excess, 
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deposits, on the addition of alcohol, a quantity of silky needles united in 
tufts. (Liebig, Schw. 49, 252.) 2. The compound is also formed by 
adding to the aqueous solution of salt b, as much chloride of potassium as 
it already contains, and leaving the mixture to evaporate in the air. 
Cubes of chloride of potassium separate out at the last. (BonsdorfF, Pogg. 
11, 123.) 

Large, colourless, right rhombic prisms. Fig. 62. u : it, 110; 
u : a = 141 30'; p : a 123 30'. The chloride of mercury in this and 
the following salts can only be separated by continued ignition in an 
open vessel. This salt is easily soluble in water, sparingly in alcohol. 

Anhydrous. Liebig. 

KC1 74-6 .... 35-52 .... 35-32 

HgCl 135-4 .... 6448 .... 64*68 

KCl,HgCl ~ 210-0 Z 100-00 ~ 100-00 

Crystallized. Bonsdorff. 

KC1 74-6 .... 34-07 .... 33*73 

HgCl 135-4 .... 61-82 .... 61-31 

HO 9-0 .... 4-11 .... 4-96 



KCl,HgCl + Aq 219-0 .... lOO'OO .... lOO'OO 

6. Bi-acid. A solution of chloride of potassium, saturated in the cold, 
is digested at 30, with excess of corrosive sublimate, water being con- 
tinually dropped in and the liquid stirred, and the solution is filtered 
warm through a heated funnel, and afterwards left to cool. The filtrate 
first deposits crystals of salt cj afterwards, if decanted from these, and 
abandoned to spontaneous evaporation, it yields crystals of salt 5. 
Flattened, four-sided prisms and needles, united in stellate groups, and 
having their terminal laces inclined at an angle of 9 2.... 9 3, to the lateral 
faces. They dissolve easily in water, sparingly in alcohol. (BonsdorfF, 
Pogg. 19, 336.) The same compound is obtained in silky needles, by 
dissolving in water the crystals which separate from a solution of corro- 
sive sublimate in cold concentrated hydrochloric acid, and saturating the 
acid with potash. (Boullay, Ann. Ckim. Phys. 34, 344.) 

Anhydrous. 

KCI 74-6 .... 21-6 

2HgCl 270-8 .... 78-4 



KCl,2HgCl 345-4 .... 100*0 



KCI 


Crystallized. 
74-G .... 20-53 
270-8 .... 74-52 
18-0 .... 4-95 


Bonsdorff. 
20-97 
75*24 
3-79 


2HgCl 
2HO 




KCl,2HgCl-t-2Aq. 


363-4 . 


... 100-00 


100-00 



c Quadracid.l. Formed by agitating a saturated aqueous solution 
of chloride of potassium, at a temperature between 50 and 60, with 
pulverized corrosive sublimate. On cooling, the liquid solidifies in an 
asbestos-like mass, consisting of fine silky needles. (Bonsdorff, Pogg. 17, 
1 w- i n boilb S hydrochloric acid is saturated with corrosive 

sublimate and the solution neutralized with potash and left to cool, silky 
needles of the salt c are obtained. (Boullay.) 

TT, Th , e . Tie f ilesare rhombic prisms with angles of about 112 and 08. 
liiey dissolve very easily in warm water; a solution which still remains 
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clear at 18 may deposit an abundance of needles at 15; the liquid is 
very apt to effloresce during evaporation. The salt is sparingly dissolved 
by alcohol* (BonsdorfF.) 



KC1 


Anhydrous. 
74-6 .... 12-11 


KC1 
4HgCL... 
4HO .... 


Crystallized. 
74-6 .... 11-46 .. 
541*6 .... 83-04 .. 
36-0 .... 5'50 .. 


Bonsdorff. 
.. 11-34 
.. 83-10 
5-56 


4HgCl . 


.. 541*6' 87'89 







KCl,4HgCl.... 616-2 .... lOO'OO +4Aq ..... 652'2 .... lOO'OO .... lOO'OO 



The solution of the salt c in water dissolves an additional quantity of 
corrosive sublimate at a boiling heat, and on cooling, or on the addition 
of a small quantity of water, deposits it again in needles, after which the 
salt c crystallizes out. (Bonsdorff.) 



MERCURY AND SODIUM. 

A. SODIUM- AMALGAM. Sodium combines rapidly with mercury at 
ordinary temperatures, the combination being attended with a hissing 
noise and vivid combustion. (Gay-Lussac & Thenard, Itecherches, 1, 246.) 
A piece of sodium forcibly thrown upon mercury, is thrown out of the 
vessel with explosion, in consequence of the great heat produced. 
(Serullas, Ann. Oldm. Phys. 40, 328.) To form the amalgam, the two 
metals should be triturated together in a dry mortar fitted with a cover, 
and the mixture immersed in rock-oil as soon as the combustion is over. 
(Bottger.) The amalgam has the colour of mercury. When it contains 
30 parts of mercury to 1 part of sodium, it is tolerably hard under the 
file, which wears it away in the form of powder; it exhibits a crystalline, 
laminar fracture. (Lampadius, Kastn. Arch. 16, 102.) When it contains 
40 parts of mercury, it is still solid, but softer than with SO parts. 
(Lampadius.) An amalgam containing 60 parts of mercury to 1 part of 
sodium forms a stiff paste at 21. (Bottger.) 64 parts of mercury and 1 of 
sodium form a compound which exhibits a confused crystalline structure. 
(Gay-Lussac & Thcnard.) 80 parts mercury to 1 sodium : pasty at 21. 
(Bottger.) 86 mercury to 1 sodium : a mass containing numerous small 
granular crystals. (Gay-Lussac & Thenard.) 300 mercury to 1 sodium: 
viscid, and consisting of a solid and a liquid portion. (Bottger.) 128 
mercury to 1 sodium: liquid. (Gay-Lussac & Theuard.) Sodium -amalgam 
exhibits the same decompositions as potassium-amalgam. It likewise 
amalgamates iron and platinum. (H. Davy.) It decomposes the salts of 
baryta and strontia, and many heavy metallic salts, when a small quantity 
of water is present, the product being a compound of mercury with the 
heavy metal. (Bottger, J.pr. Chem. 3, 283.) 

B. HYPOSULPHITE OF MERCURIC OXIDE AND SODA. Mercuric oxide 
dissolves quickly in aqueous hyposulphite of soda ; setting the soda free. 
The liquid has a sweet, metallic taste, and becomes turbid when left to 
itself or when evaporated, even in vacuo, depositing a large quantity of 
cinnabar. (Herschel, Edinl. Phil J. 2, 154.) Alcohol added to this 
solution throws down a tenacious mass, which after long standing, deposits 
black sulphide of mercury; the salt cannot be obtained in the solid state. 
(Rammelsberg, Pogg. 56, 318.) 
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C. IODIDE OF MERCURY AND SODIUM. Aqueous iodide of sodium, 
saturated in the cold with iodide of mercury and evaporated over oil of 
vitriol in a bell -jar containing air, yields large, sulphur-yellow, rhombic 
prisms, with many secondary faces : these crystals deliquesce rapidly 
when exposed to the air. (Eonsdorff, Pogg. 17, 266.) 199'2 pts. (1 At.) 
of iodide of sodium dissolved in a small quantity of water, take up, when 
heated, 695 pts. (a little more than 3 At.) of iodide of mercury; the 
solution, on cooling, deposits a portion of it (probably 1 At.), and when 
evaporated, yields no crystals, but a yellow mass, from which iodide of 

.mercury is separated even by trituration, or by cooling. If, for example, 
the inner surface of a basin in which the evaporation has been carried 
almost to dryness, be scratched with a glass rod, iodide of mercury sepa- 
rates at that part, and thence the separation proceeds throughout the 
whole mass. If the evaporated mass be dissolved in a large quantity of 
water, iodide of mercury likewise separates out, probably 1 At., and the 
filtrate, when very slowly evaporated, yields long, very deliquescent 
needles. (Boullay.) This salt is likewise obtained by boiling iodide of 
mercury with aqueous or alcoholic soda, or with carbonate of soda and 
alcohol, or by boiling mercuric or mercurous oxide with aqueous iodide of 
sodium. It is not crystalline ; deliquesces very quickly. (Berthemot.) 

D. BROMIDE OF MERCURY AMD SODIUM. Sometimes in needles, 
sometimes in tolerably large rhombic prisms; deliquescent in the air. 
(Bonsdorff.) 

E. CHLORIDE OF MERCURY AND SODIUM, A solution of 7 pts. common 
salt in 20 pts. water, takes up 32 pts. corrosive sublimate at 15'5, and 
3 pts. more when gently heated ; it then has a specific gravity of 2*14, 
and is in a condition to take up a little more common salt; the whole 
remains dissolved when the liquid cools. If, on the contrary, a still 
larger quantity of corrosive sublimate be dissolved at a higher tempera- 
ture in the saturated solution of common salt, small rliomboidal crystals 
are formed on cooling. (J. Davy.) The mono-acid salt cannot be obtained 
in the crystalline form. (Bonsdorff.) Jti-acM salt. 1. Formed by 
agitating a saturated solution of common salt with corrosive sublimate, as 
long as any of the latter is dissolved, and leaving the filtrate to evaporate 
spontaneously. (Bonsdorff.) 2. A solution of equal parts of common 
salt and corrosive sublimate abandoned to spontaneous evaporation, first 
yields crystals of common salt, and afterwards long needles of the double 
salt. (Schindler, fiepert. 36, 240.) Irregular six-sided needles, united in 
tufts; permanent in the air. (Bonsdorlf.) The crystals fuse in their 
water of crystallization at 1 00, and when more strongly heated, boil up 
and give off this water, together with a small quantity of chloride of 
mercury. They dissolve in 0*33 pts. water at 150^; their solution 
exhibits with alkalis the same precipitations as a solution of corrosive 
sublimate, and gives a white precipitate with spring-water containing 
carbonate of lime. (Schindler.) When the aqueous solution is agitated 
with ether, the latter dissolves out, not the corrosive sublimate alone, but 
the undccomposed double salt, and the solution contains 1 part of that 
salt in 275 parts of ether. (Lassaignc, Ann. C/dm. Phys. 64 ; 104.) 

Anhydrous. 

NaCl 53-6 .... 17-79 

2HgCl 270-8 .... 82-21 



NaCl,2HgCl 329-4 .... lOO'OO 
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NaCl 


Crystallized, 
58-6 .... 16-44 
270-8 .... 75-98 
27-0 .... 7-58 


Bonsdorff. 
16-0 
75-0 
8-8 


Schindler. 
16-10 
75-86 
7-73 


2HgCl 


3HO 




NaC,2HgCl + 3Aq 


356-4 . 


... 100-00 


99-8 


99-69 



F. AMALGAM OF POTASSIUM AND SODIUM. A mixture of equal parts 
of potassium and sodium agitated with mercury, combines with it, pro- 
ducing a remarkably vivid incandescence. (Accuni.) An alloy of 1 pt. 
sodium, 10 potassium, and 200 mercury, solidifies in an extremely solid 
mass. (Bottger, J. pr. Ckem. 1, 303.) 



MERCURY AND LITHIUM. 

A. LITHIUM-AMALGAM. Formed, when the negative pole of a voltaic 
battery is placed in contact with mercury covered with a strong aqueous 
solution of lithia, into which the positive wire dips. (Mitscherlich, 
Lehrb. 2, 84.) 

B. CHLORIDE OF MERCURY AND LITHIUM. There are two double 
chlorides of this nature, one of which crystallizes in needles, which are 
permanent in the air, while the other is deliquescent. (Bonsdorff.) 



MERCURY AND BARIUM. 

" A. BARIUM- AMALGAM. Obtained by the galvanic process (I, 458; 
III, 133). H. Davy. This amalgam has very little fluidity; becomes 
covered with a grey film on exposure to the air, and decomposes slowly 
in pure water; more quickly in water containing sulphuric acid. 
(Berzelius & Pontin.) 2. Sodium- amalgam containing 100 parts of 
mercury to 1 part of sodium, when immersed in a saturated solution of 
chloride of barium, is converted, with very feeble evolution of gas, into 
barium-amalgam. The latter is taken out of the liquid as soon as the 
stronger evolution of gas ceases, then dried between bibulous paper, and 
immersed in rock-oil. The amalgam thus prepared has about one and a 
half times the volume of the sodium-amalgam used; it is solid, rough, 
uneven, and may be reduced by pressure between the -fingers to a sandy 
paste. When exposed to the air for some time, it is converted into 
mercury and carbonate of baryta. When immersed in water, it gives off 
hydrogen gas, and forms haryta-water. In a saturated solution of sal- 
ammoniac it forms a tolerably bulky ammoniacal amalgam. In a 
saturated solution of blue vitriol, the globule of amalgam immediately 
begins to rotate, causing the solution to move in two opposite directions, 
and at the same time sulphate of baryta shoots out in flakes, which 
assume various hues, from the presence of cuprous oxide and hyclrated 
cupric oxide, and look like a growth of moss ; the action goes on for 
15 or 20 minutes, by which time the whole of the barium is converted 
into sulphate. (Bottger, J. pr. Chem. 1, 305.) 

B. SULPHIDE OP MERCURY AND BATUUM. Black sulphide of mercury 
is slightly soluble in aqueous sulphide of barium. (Rammelsberg, Pogg. 
48, 176.) ' 



< Con- 
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C. HYPOSULPHITE OF MERCURIC OXIDE AND BARYTA. 

hyposulphite of baryta dissolves mercuric oxide, forming an 
decomposible liquid, which, does not deposit crystals. (l{am 
Pogg. 56, 318.) 

D. IODIDE OF MERCURY AND BARIUM. a. Mono-acid? An 

solution of iodide of mercury in aqueous iodide of barium, freed J'.V 
cooling and dilution from excess of iodide of mercury, yields yello ^ v llS ' 1 
crystals, soluble in water. 

b. JBi-acid? An aqueous solution of iodide of barium, saturate* I * 10 ^ 
with iodide of mercury, deposits part of the latter on cooling; and -v 
separated therefrom and evaporated, yields crystals which probably < C 
tain 2 At. iodide of mercury to 1 At. iodide of barium, and from w 1 * 
the iodide of mercury separates, both when they are dried by heat* sui<l 
when they are dissolved in a larger quantity of water. (P. Botillay.} 

E. BROMIDE OF MERCURY AND BARIUM. Prisms having a strong 
lustre, and deliquescing in the air. (BonsdoriF.) 

F. CHLORIDE OF MERCURY AND BARIUM. 20 parts of water satur sit <><i 
with 8'7 parts of crystallized chloride of barium, dissolve 16 parts of* '<>r- 
rosive sublimate at 15, and 4 parts more when moderately heated. *l*li<* 
solution has a specific gravity of TO, and, on cooling, deposits a ^'xnnll 
number of crystals, which appear to have a cubical form. (J. Davy, / *///. 
Trans. 1822, 364.) When an aqueous solution of chloride of barium, 
saturated in tbe cold, is agitated with pulverized corrosive sublimate, f Iit-n 
filtered, and left to evaporate spontaneously, crystals of corrosive &i1>li 1 1 ::ito 
are first deposited, then the crystals of the double chloride, first in r:iv.-; 
and laifiiuffi, united as in Prehnite, afterwards in small tables, luiviii *r f hn 
form of oblique rhombic prisms, whose lateral dihedral angles are ~ju;d 
to 95 and 85. The crystals effloresce in dry air, but arc other %vi,c 
permanent in the air. (BonsdorfF, Fogg* 17, 130.) 
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Bad 




104*0 
270-8 


27-75 
72-25 




2HgCl 








BaCl,2HgCl 




Bonsdorff. 




Bad 
2HO .... 




Crysta 
104-0 .. 
270-8 .. 
18-0 .. 


ittized. 
.. 26-48 
.. 68-94 
4-58 


Raya. 

64-74 ".. 

5-77 . 


5 





392-8 .... 100-00 .... IOCMJO .... lOO'OO 

MERCURY AND STRONTIUM. 



-* 1 by the g< 4 iv rt i,a; 

^ - - ' * h> av y- 2. By the same ]>rocess is for in i 

amalgam (2); but the S tror,ti u n 1 - n , a ] gnn , n , U8t be 'speedily 'rcinovo,'l ',",',; 
the rolntion of chloride of strontium, inasmuch as it dr,n. V o(-. in ,1 
minutes wlien immersed in that liquid. It is somewhat v cid" \\ i''''" 
exposed to the air for 6 to 10 Lours, it is completely resolved 
mercury and carbonate of strontia. When immersed in water t' 
hydrogen gas and strontia-water. (Bbttger ) ' : 
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B. HYPOSULPHITE OP MERCURIC OXIDE AND STRONTIA. Similar to 
the hyposulphite of mercuric oxide and baryta. (Rammelsberg.) 

C. IODIDE OF MERCURY AND STRONTIUM. Strictly analogous to 
iodide of mercury and barium. (Boullay.) Yellowish crystals, which 
may be obtained by dissolving iodide of mercury in strontia-water* 
(Berthemot.) 

D. BROMIDE OF MERCURY AND STRONTIUM. a. Mono-acid. 
Crystals soluble in all proportions in water. 

b. Bi-acid. 1 At. bromide of strontium dissolved in twice its weight 
of water takes up at 50, 3 At. of iodide of mercury. The solution, on 
cooling, deposits 1 At. of bromide of mercury, and when poured off from 
this deposit and evaporated, yields small crystals, containing 2 At. 
bromide of mercury and 1 At. bromide of strontium. When this com- 
pound is digested in water, bromide of mercury remains undissolved, and 
the liquid takes up the salt a. (Lowig, Mag. Pharm. 33, 7.) 

E. CHLORIDE OF MERCURY AND STRONTIUM. Needles, permanent in 
the air, and easily soluble in water. 



MERCURY AND CALCIUM. 

A. CALCIUM-AMALGAM. Prepared from hydrate of lime by the 
galvanic method (I, 458; 111,181). Liquid. When exposed to the air, 
it becomes covered with a black film, consisting of lime and mercurous 
oxide [finely divided mercury?]. Under water, it is resolved into 
mercury, lime-water, and hydrogen gas. Does not amalgamate iron. 
(Berzelius & Pontin.) 2. By immersing potassium or sodium-amalgam 
in a strong solution of chloride of calcium. (Klauer, Ann. Pharm. 10, 89.) 

B. MERCURATE OF LIME. Formed by boiling mercuric oxide with 
lime and water, then straining and evaporating. Yellow, transparent 
crystals. (Berthollet, Ann. Ckim. 1, 61.) 

C. HYPOSULPHITE OF MERCURIC OXIDE AND LIME. Analogous to 
the hyposulphite of mercuric oxide and baryta, (Rammelsberg.) 

D. IODIDE OF MERCURY AND CALCIUM. Aqueous iodide of calcium, 
saturated at a high temperature with iodide of mercury, deposits part of 
that substance on cooling; the remaining liquid, when evaporated, yields 
crystals, probably containing 2 At. iodide of mercury with 1 At. iodide 
of calcium ; from these, water separates iodide of mercury, and forms a 
solution, which leaves a yellow mass on evaporation. (P. Boullay.) By 
boiling iodide of mercury with lime and alcohol, yellowish needles are 
obtained. (Berthemot.) 

E. BROMIDE OF MERCURY AND CALCIUM. Aqueous bromide of 
calcium saturated with bromide of mercury, and then evaporated, yields, 
first (a), tetrahedrons and octohedrons, which have a strong lustre, are 
permanent in the air, decompose when treated with a small quantity of 
water, but dissolve completely on the application of heat, and crystallize 
out again on cooling; secondly, on further evaporation (b), prisms or 
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needles, which deliquesce very rapidly even in dry air, and undoubtedly 
contain a smaller quantity of bromide of mercury. 

F. CHLOBJDE OF MERCURY AND CALCIUM. a. JBi-acid. A saturated 
aqueous solution of chloride of calcium, saturated in the cold with corro- 
sive sublimate, yields a heavy, oily liquid, which, when evaporated by 
heat or over sulphuric acid, first yields crystals of the salt 6, then, on 
cooling, needles of salt a, which, by solution in water and evaporation at 
30^ are converted into finer crystals. Large rhombic tables, whose 
lateral dihedral angles are equal to 110 and 70; frequently, also, flat- 
tened, six-sided prisms. They effloresce when dried over sulphuric acid ; 
but deliquesce rapidly in the open air. According to an approximate 
analysis, they contain CaCI,2HgCl-f 6Aq. 

b. Penta-acid. 1. The salt which crystallizes out first in tetrahedrons 
and octohedrons. 2. A chloride of calcium solution, not completely satu- 
rated with corrosive sublimate, yields, when slowly evaporated at a 
gentle lieat in a dry winter atmosphere,, large crystals with a great 
number effaces, one of the vertical angles of which is equal to 125, and 
probably belongs toacubo-octohedron. The crystals are transparent, with 
a strong lustre, and tolerably permanent in the air. In water they turn 
white and decompose, the water principally dissolving out chloride of 
calcium; but, on the application of heat, the corrosive sublimate likewise 
dissolves, and the solution, on cooling, first yields crystals of corrosive 
sublimate, and then of the salt b, whilst a deliquescent salt remains in 
solution. (Bonsdorff.) 

Anhydrous. 

CaCl 55-4 .... 7-56 

SHgCl 677-0 .... 92-44 



CaCl,5HgCl 732-4 



CaCl , 


Crystallized. 
55-4 .... 6-89 
677-0 .... 84-16 
72-0 .... 8-95 


(0 
6-42 
85-50 
8-02 


5HgCl 
8HO 




CaCl,5HgCl + 8Aq 


804-4 . 


... 100-00 


100-00 



Bonsdorff. 

(2) 

G-G5 

85-23 

8-12 

100-00 



Gay-Lussac & Thenard did not succeed, even with the voltaic battery of the Poly- 
technic School at Paris, ia forming any compound of mercury with an earth-metal. 

MERCURY AND MAGNESIUM. 

A. MAGNESIUM-AMALGAM. 1. Magnesium combines with mercury 
only when heated, and forms a solid amalgam, even with lar^c quantity's 
of the latter. (Bnesy.) 2. By the galvanic method. (III. 222, 3 and 4 ? 

^7- re ^P taS ! lmn "odium-amalgam with solution of sulphate 
ofmagnem. (Klauer .. Pharm. 10, 89.)-The amalgam obtained by 

IW 7 m PU1 ' 6 Watei '' qdck1 ^ in acidll ^ted water. (H. 
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needles, probably composed of MgI,2HgI; these crystals, when digested 
in water, yield iodide of mercury, and a solution, which probably contains 
MgI,HgI. (Boullay.) 

C. BROMIDE OF MERCURY AND MAGNESIUM. The solution of bromide 
of mercury in aqueous bromide of magnesium yields, when evaporated 
over sulphuric acid, first, broad laminae, permanent in the air [MgBr, 
2HgBr?j, and afterwards, very deliquescent crytals [MgBr,HgBr ?]. 
(Bonsdorff.) 

D. CHLORIDE OF MERCURY AND MAGNESIUM. Aqueous hydrochlorate 
of magnesia, of specific gravity 1*58, dissolves, especially when gently 
heated, a large quantity of corrosive sublimate, and forms an oily solu- 
tion, of specific gravity 2*83, which, when cooled, yields a large quantity 
of needles, and on evaporation, greyish -white, deliquescent crusts. 
(J. Davy.) A solution of hydrochlorate of magnesia saturated with corro- 
sive sublimate, yields, on gentle evaporation, first, laminated crystals of 
the salt 6, and then, when poured off from the latter and evaporated over 
sulphuric acid, rhombic crystals of salt a. 

Anhydrous. Crystallized. Bonsdorff. 

MgCl 47-4 .... 25-93 MgCl 47'4 .... 20-02 .... 20*33 

HgCl 135-4 .... 74-07 HgCi 135-4 .... 57-17 .... 57-77 

6HO 54-0 .... 22-81 .... 21'90 

MgCl,HgCl 182-8 .... 100-00 + 6Aq 236-8 .... 100-00 .... 100-00 

1. Ter-acid. Rhombic laminae, which, when struck, split into very 
oblique rhombs, like gypsum; by very slow evaporation, the salt is 
obtained in large prisms with numerous faces, similar to the crystals of 
Glauber's salt. The salt is permanent in the air, not undergoing any 
alteration even at 60 or 70. When immersed in water, it becomes 
milky at the first instant, but afterwards dissolves completely, forming a 
solution which, when left to spontaneous evaporation, yields the same 
crystals again. (Bonsdorff, Pogg. 17, 133.) 

Anhydrous. Crystallized. Bonsdorff. 

MgCl 47-4 .... 10-45 MgCl 47'4 .... 9'51 .... 9-65 

SHgCl 406-2 .... 89-55 SHgCl .... 406-2 .... 81*47 .... 81-08 

5HO 45-0 .... 9-02 .... 9-27 





MgCl, SHgCl 453-6 . 


... 100-00 +5Aq 498*6 . 
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... 100-00 .... 100-00 



CHLORIDE OP MERCURY AND CERIUM. Cubes permanent in the air. 
(Bonsdorff.) 

MERCURY AND YTTRIUM. 

CHLORIDE OF MERCURY AND YTTRIUM. Cubes which appear to be 
deliquescent. (Bonsdorff.) 

MERCURY AND GLUCINUM. 

CHLORIDE OF MERCURY AND GLUCINUM. Eight rhombic prisms. 
(Bonsdorff.) 
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MERCURY AND ALUMINUM. 

ALUMINUM-AMALGAM. Potassium-amalgam introduced into a hole 
bored in a crystal of alum, immediately acquires a rotatory motion which 
lasts for half an hour; at the same time, it takes up a considerable 
quantity of aluminum and becomes more viscid. (Klauer.) 

MERCURY AND ZIRCONIUM. 

ZIRCONIUM-AMALGAM. When potassium-amalgam, connected with 
the negative pole of a voltaic battery, is placed^ in contact with zirconia 
slightly moistened and connected with ^ the positive pole, it acquires the 
property of depositing, on immersion in water, a white powder, which 
exhibits the characters of zirconia. (H. Davy.) 

MERCURY AND SILICIUM. 

A. SILICATE OP MERCUROUS OXIDE, or MERCUROTJS SILICATE. 

Quadrosilicate of soda gives a white precipitate with mercurous nitrate. 
It does not precipitate a solution of corrosive sublimate; but the mixed 
solutions yield very small, dark crystals on evaporation, or even without 
evaporation if they are concentrated. (Walcker.) 

B. MERCUROUS SILICOFLUORIDE. Hg 2 F,SiF 2 . Formed by digesiing 
mercurous oxide, recently precipitated and still moist, with hydro/I uo^ 
silicic acid, which gives it a pale yellow colour; part of the acid coin- 
pound dissolves in the liquid, and separates in small crystals on evapora- 
tion. The salt has a faint metallic taste, dissolves sparingly in pure 
water, more freely in acidulated water; it is precipitated by hydrochloric 
acid. (Berzelius.) 

^MERCURIC SILICOFLUORIDE. HgF,SiF 2 .By dissolving mercuric, 
oxide in hydrofluosilicic acid and evaporating. Small needlesof a , very- 
pale yellow colour. These crystals, when subjected to distillation yicM 
gaseous fluoride of silicium, whereupon the" protofluoride of memiry 
more or less decomposed in the manner already mentioned, volatilixrs 
In contact with water, the crystals are re-solved into an <wid W/rt/. u.n<i 
a basic salt which is blackened by ammonia, and afterwards restored <<> 
lighter colour by water. They dissolve completely in acidulated wnt.cr 
forming an acid solution, which, by spontaneous evaporation, can be 
brought on y to a syrupy consistence, and docs not yield crystals till 
evaporated by heat. (Berzelius, Pogcj. 1, 200.) 

MERCURY AND TUNGSTEN. 
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alkalis. The alkali, which, perhaps is somewhat in excess, is satura 
with nitric acid, till the tungstic acid begins to fall down; the solution * 
then mixed with mercurous nitrate, a little ammonia added for greate 
security, and the precipitate washed and ignited. (Berzelius.) 



Hg 2 O . . . 


208 


63-41 


Anthon. 
63 


WO 3 


120 


36-59 


37 











Hg' 2 0,WO 3 .... -328 .... 100-00 .... 100 
B. TUNGSTATB OF MERCURIC OxiDE, Or MERCURIC TUNGSTATE. 

a. Sesquibasic. By precipitating a hoiling solution of corrosive sublimat 
with less than an equivalent quantity of monotungstate of soda. Heav^ 
white powder, having a faint metallic taste. Boiling soda-ley converts i 
into red oxide of mercury. It is insoluble in water. Tungstate of sod; 
in excess forms, with solution of corrosive sublimate, not a white, but : 
yellow, red, or black precipitate, or all three together; in the latter case 
they may be separated by levigation. The black precipitate, whic] 
is produced by a large excess of tungstate of soda at a boiling heal 
appears to consist of oxychloride of mercury. (Anthon.) 

b. Sesqui-acid. Formed, when a solution of mercuric nitrate, rendere< 
as neutral as possible, is precipitated by monotungstate of soda. Whito 
powder, insoluble in water. Leaves tungstic acid when ignited. (Anthon, 
Eepert. 76, 349.) 

a. Anthon. 

324 .... 57-45 .... 5G'0 
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2HgO,3W0 3 . 


... 576 


.... 100-0 


.... 101 



C. MERCUROUS SULPHOTUNGSTATE. Hg 2 S,WS 3 . Black precipitate- 
(Berzelius.) 

D. MERCURIC SULPIIOTUNGSTATE. HgS,WS 3 . When solutions of 
corrosive sublimate and sulphotungstate of potassium arc mixed in equi- 
valent proportions, orange-yellow flakes are produced, which turn yel- 
lowish brown on drying, yield a deep red powder, and acquire lustre 
under the burnishing steel. The salt, when ignited, yields sulphur, 
cinnabar, and a residue of bisulphide of tungsten. If the solution of 
corrosive sublimate is in excess, a precipitate is obtained, which soon 
turns white; excess of sulphotungstate of potassium produces a black 
precipitate. If the solution of corrosive sublimate be precipitated by the 
compound of sulphotungstate of potassium with tuugstate of potash 
(III. 4G), the precipitate lias the same yellow colour as the pure salt, but 
takes no polish under the burnisher, and gives off a large quantity of 
sulphurous acid when ignited. (Berzelius.) 

E. TUNGSTATE OF MERCURIC OXIDE AND AMMONIA. Bitungstate 
of ammonia mixed with a solution of mercuric nitrate rendered as neutral 
as possible, forms a heavy white precipitate. This precipitate, after 
being dried at 100, gives off more water and ammonia, at temperatures 
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between 200 and 500, and leaves a mixture of mercuric tungstate and 
free tungstic acid; for the residue renders water milky, an effect produced 
only by free tungstic acid. The salt is decomposed by acids and alkalis, 
and does not dissolve in water, (Anthon.) 



Approximate Calculation, 
HgO 108 .... 28-20 
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MERCURY AND MOLYBDENUM. 

A. MOLYBDATE OF MERCUROUS OXIDE, Or MERCUROUS MOLYBDATE. 

Molybdate of potash added to a solution of mercury in nitric acid forms 
a white precipitate (yellow, according to Berzelius), soluble in 500 or 600 
parts of water, and decomposed by nitric acid. (Hatchett.) A solution 
of corrosive sublimate is not precipitated by molybdic acid. (Scheele.) 

B. MERCUROUS SULPHOMOLYBDATE. Hg 2 S,MoS 3 . Mercurous nitrate 
forms with sulphomolybdate of potassium dissolved in water, a black- 
brown precipitate, which, when ignited, is resolved into cinnabar, which 
distils over, and a residue of bisulphide of molybdenum. (Berzelius.) 

C. MERCURIC SULPHOMOLYBDATE. HgS,MoS 3 . Formed by precipi- 
tating a solution of corrosive sublimate with an alkaline sulphomolybdate. 
Light brown precipitate, which is not altered by an excess cf the potas- 
sium-compound, is soon decomposed and turned white by excess of acid, 
whilst the liquid acquires a blue colour. The precipitate, when dry, 
yields a dark brown powder, and, when subjected to distillation, gives off, 
first sulphur, then cinnabar, and leaves bisulphide of molybdenum. (Ber- 
zelins, Pogg. 7, 277.) 

D. MERCUROUS PERSULPHOMOLYBDATE. Hg 2 S,MoS 4 . - Red brown 
precipitate. (Berzelius.) 

E. MERCURIC PERSULPHOMOLYBDATE. HgS,MoS 4 . Red precipitate. 
(Berzelius.) 

MERCURY AND VANADIUM. 

A. YANADITE OF MERCURIC OXIDE, or MERCURIC VANADITE. 
Ammonia added to a mixture of corrosive sublimate and a salt of vanadic 
oxide, throws down a mixture of mercuric vanadite and white precipitate, 
which, when heated to redness, leaves vanadic oxide, with a small quan- 
tity of mercuric oxide; from this precipitate, the vanadic oxide may be 
precipitated by carbonate of ammonia. This is the most accurate method 
of precipitating vanadium from its solutions, and determining it quantita- 
tively. (Berzelius, Lehrb.) 

B. VANADIATE OF MERCUROUS OXIDE, or MERCUROUS VANADIATE. 
a. Mono-acid. Mercurous nitrate forms with inonovanadiate of ammonia 



MERCURY AND CHROMIUM. 

a milky liquid of a dark yellow colour, which,, after a while, deposits 
small quantity of solid matter, and is converted into a clear, deep yellow 
solution. b. Bivanadiate. Bivanadiate of ammonia added to a solution 
of mercury, immediately throws down an orange-yellow precipitate. 
(Berzelius.) 

C. VANADIATB OF MERCURIC OXIDE, or MERCURIC VAN ADI ATE. 
a. Monovanadiate. A lemon-yellow precipitate is formed by douhle de- 
composition ; but the liquid remains yellow, inasmuch as the salt is 
slightly soluble in water. It fuses and crystallizes on cooling; is but 
imperfectly decomposed by ignition, a large proportion of mercuric oxide 
still remaining with it; but when it is ignited with carbonate of soda, the 
whole of the mercury is given off. b. Bivanadiate. Yellow, soluble in 
water, and not precipitated from the solution by alcohol, (Berzelius.) 



MERCURY AND CHROMIUM. 

A, CHROMATE OP MERCUROUS OXIDE, or MERCUROUS CHROMATE, 
a. Basic. Formed by precipitating mercurous nitrate with chromate of 
potash. (IV. 344.) The presence of nitrous acid prevents the precipita- 
tion by converting the chromic acid into chromic oxide. If an excess of 
nitric acid is present, part of the chromic acid likewise acts upon the 
mercurous oxide in such a manner as to form mercuric oxide and nitrate 
of chromic oxide, the liquid acquiring an amethyst colour; on further 
addition of mercurous nitrate, however, the whole of the chromium is 
precipitated in the form of mercurous chromate. ( Vauquelin, Marx, Scliw. 
66, 107.) 

Bright red powder, exhibiting a colour intermediate between brick-red 
and scarlet. Turns black when exposed to light. At a red heat, it is 
resolved into oxygen gas, vapour of mercury, and chromic oxide. (Vau- 
quelin, Godon de St. Menin, A. Geld. 5, 598.) Ammonia converts it into 
a black powder, which, together with the mercurous oxide, contains about 
half the chromium in the form of chromic oxide. Hydrochloric acid 
resolves it into calomel and chromic acid. It is slightly soluble in nitric 
acid. (Hayes,) It dissolves very sparingly in cold water, more freely in 
boiling water, partly in the form of mercuric salt. (H. Rose, Pogg. 53, 124.) 
It is slightly soluble in aqueous hydrochlorate and nitrate of ammonia. 
(Brett.) 
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4Hg*0,3CrO- J .... 1976 .... lOO'OO .... 98'69 

In both analyses, the salt was decomposed by distillation; in Gmelin's 
analysis, the oxygen was determined by measure; the loss arose from 
small quantities of water and nitric acid. 

T b. Neutral IliQ precipitate a, when boiled with nitric acid, is 
converted into a crystalline powder, which is the neutral chromate. The 
same compound is also formed when corrosive sublimate or mercuric 
nitrate is added to a solution of the compound of chromate of potash with 
cyanide of mercury, 2(KO,Cr0 3 ) + SHgCy, a small quantity of nitric 
acid being added, just sufficient to dissolve the precipitate, and the solu- 
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tion heated almost to the boiling point; the salt then separates, on cooling, 
in the form of a fine red crystalline powder. The whole of the mercury 
in this salt is precipitated, by hydrochloric acid from its solution in nitric 
acid. Ammonia and potash form black precipitates with it. 

Darby. 

Hg' : O ............ 208-0 .... 80-0 

CrO 3 ....... 52-0 .... 20-0 .... 19'1 to 19'5 



260-0 lOO'O 

(Darby, Ghem. Soc. Qu. J. I., 24.) 1T 

B. CHROMATE OF MERCURIC OXIDE, or MERCURIC CHROMATE. 
Monochromate of potash forms with mercuric nitrate and corrosive ^sub- 
lirnate (not with bromide of mercury, according to Caillot), a precipitate 
having the colour of the basic mercurous salt, and the liquid takes up 
bichromate of potash. It dissolves in excess of the nitrate and hydro- 
chlorate of mercuric oxide, most easily in the latter, forming a yellow 
solution. (Gm.) 

H C. BICHROMATE OF AMMONIA WITH PROTOCHLORIDE OF MER- 
CURY. When equivalent quantities of bichromate of ammonia and corro- 
sive sublimate are dissolved in water and the liquid evaporated, deep red 
crystals are obtained, having the following composition. (Darby.) 

Darby. 
NH 3 ................................ 17-0 .... 6-63 

2CrO 3 ............................ 104-0 .... 40-56 .... 40-4 to 40-8 

HgCl ............................ 135-4 .... 52-81 

NH 3 ,2Cr0 3 +HgCl .... 256'4 ~. lOO'OO 

Messrs. Richmond and Abel, who have lately examined this salt, 
(Chem. Soc. Qu. J. 3, 202), find that it contains, not NH 3 ,2Cr0 3 but 
NH 4 0, 2Cr0 3 , and that its composition varies according to the strength of 
the solution from which it crystallizes. About equal weights of bichro- 
mate of ammonia (NH 4 0,,2Cr0 3 ) and corrosive sublimate were dissolved 
together in a rather large quantity of water, arid the solution allowed to 
cool, whereupon a portion of the protochloride of mercury separated out 
and was removed. The solution was then evaporated down just suffi- 
ciently to cause the formation of a few crystals on cooling. These 
crystals were beautiful, large, six-sided prisms, of a splendid red colour; 
they were dried on blotting paper, and afterwards in vacuo over sulphuric 
acid. On further evaporation, the liquid yielded a second crop of crystals, 
having the same appearance as the first; and the mother-liquor, when still 
further evaporated, yielded more crystals, much resembling the former, 
but rather more inclined to the needle shape. The product of the first 
and second crystallizations gave, on analysis, results agreeing with the 
formula NH 4 0,2Cr0 3 -f- HgCl + Aq.; that of the third, 3(NH 4 0,2Cr0 3 ), 
HgCl. 

1st and 2nd Crystallizations. Richmond & Abel. 
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NH 4 0,2Cr0 3 + HgCl + Aq 274-5 .... 100-00 
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3rd Crystallization. Richmond & Abel. 
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Mr. Darby's salt appears to have contained an excess of corrosive 
sublimate. 

D. MONOCHROMATE OF POTASH WITH PROTOCHLORTDE OF MERCURY. 

1. When a solution of monochromate of potash is mixed with corrosive 
sublimate, a brick-red precipitate is formed, consisting of mercuric chro- 
mate, B j and on evaporating the solution filtered from that precipitate, 
small crystals are formed, of a pale red colour, which readily dissolve in 
water, yielding a yellow solution. 2. The same salt is also formed on 
mixing equivalent quantities of chrornate of potash and chloride of mer- 
cury, or 2 equivalents of the former to 1 equivalent of the latter, and 
adding just sufficient hydrochloric acid to dissolve the precipitate formed 
on mixing the solutions. (Darby.) 

Darby. 
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KO,CrO 3 + 2HgCl.... 370-0 .... 100-00 .... .... 97'8 

E. BICHROMATE OF POTASH WITH PROTOCHLORIDE OP MERCURY. 
On evaporating a solution containing equivalent quantities of bichromate 
of potash and corrosive sublimate, this double salt is obtained in beautiful 
red-pointed crystals, which are anhydrous. (Darby.) 

Darby. 

KG 47-2 .... 16-48 

2OO 3 104-0 .... 36-28 .... 34-55 

Hg 100-0 .... 34-89 .... 36-60 

Cl 35-4 .... 12-35 .... 14-80 

KO,2Cr0 3 + HgCl 2S^& ~ lOO'OO 

The excess of chlorine is accounted for by a portion of the chromic 
acid being precipitated, and not entirely re-dissolved even by hot nitric 
acid. (Darby.) IT 



MERCURY AND MANGANESE. 

A. MANGANESE-AMALGAM. Sodium-amalgam, immersed in a strong 
solution of chloride of manganese, evolves hydrogen gas, takes up a con- 
siderable quantity of manganese, and is converted into a viscid mass, 
having an uneven, blackish surface. When freed from the watery liquid 
by pressure between bibulous paper, and then heated in the air. it assumes 
a succession of tints like steel; gives off mercury, and is converted into 
a stiff paste ; and finally leaves a residue of brown manganese-manganic 
oxide. The amalgam, when immersed in water, liberates bubbles of 
hydrogen gas, more rapidly in acidulated water; if it be then touched 

I 2 
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with a platinum wire, the evolution of gas becomes violent. (Bottger, 
J. pr. Ghem. 12, 350.) In a strong solution of mangaiious sulphate, 
sodium-amalgam causes an evolution of hydrogen gas, and separates 
manganous oxide. (Bottger, <7. pr. Chem. 8. 283.) 

Permanganate of potash gives no precipitate with, solution of corrosive sublimate. 
(Fromhery.) 

B. BROMIDE OF MERCURY AND MANGANESE. Light red prisms, which 
soon become moist, even in tolerably dry air. (BonsdorfF.) 

C. CHLORIDE OF MERCURY AND MANGANESE. Aqueous chloride of 
manganese, saturated with corrosive sublimate, and evaporated over 
sulphuric acid in a chamber containing air, deposits corrosive sublimate 
at first, and afterwards yields large, transparent, light red, right rhombic 
prisms. Fig. 65, without the i-face, i : tf 86^ to 70, u ! : u about = 
114; also prisms with 6, 8, and 10 sides [perhaps Fig. 74 1], The crys- 
tals effloresce in the evaporating chamber, but are permanent in tolerably 
dry air, and deliquesce rapidly in moist air. (Bonsdorff.) 
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MnCl,HgCl.. 198-8 .... 100-00 +4Aq. 234'8 .... 100-00 .... 100-00 



MERCURY AND ARSENIC. 

A. AMALGAM OF ARSENIC. When pounded arsenic is heated over a 
fire with mercury, and the mixture stirred, a grey compound is obtained, 
containing 5 pts. mercury and 1 pt. arsenic. (Beryman.) Dranty 
(J. Qhim. med. 12, 650) sublimes in a tube an intimate mixture of mer- 
curic oxide, arsenious acid, and charcoal. According to Lassaigne, how- 
ever (ibid.), this process does not yield the amalgam, but a mixture 
of mercury, metallic arsenic, and arsenious acid. Sodium-amalgam, 
placed in contact with moistened arsenious acid, becomes heated imme- 
diately, and separates arsenic in the form of a black-brown film, but does 
not take any of it up. (Bottger.) 

B. ARSENITE OF MERCUROUS OXIDE, or MERCUROUS ARSENITE. 
Aqueous arsenious acid and arsenite of potash yield, with mercurous 
nitrate, a white precipitate, soluble in nitric acid. If the arsenite of 
potash has been obtained by decomposing arsenite of baryta with sulphate 
of potash, it forms, with mercurous nitrate, a permanent white precipi- 
tate; but aqueous potash, saturated at a boiling heat with arsenious acid, 
and freed from an excess of that substance by cooling, yields a white 
precipitate, which soon turns grey, and blackens on the application of 
heat. (Simon, Pogg. 40, 442.) Can the arsenite of potash prepared by 
the latter process also contain carbonate ? The same salt is obtained by 
digesting mercury with arsenious acid. (Berzelius.) 

C. ARSENITE OF MERCURIC OXIDE, or MERCURIC ARSENITE. Arseni- 
ous acid, added to mercuric nitrate, throws down a white powder which 
dissolves in arsenite of potash, forming a brownish solution, and likewise 
in nitric acid. 
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D. ARSENIATE OF MEKCUROUS OXIDE, or MERCUROUS ARSENIATE. 
a. Bibasic. Mercurous nitrate, dropped into a concentrated solution of 
arsenic-acid., forms a white precipitate, which at first re-dissolves in the 
excess of arsenic acid, but becomes permanent on the addition of a larger 
quantity of the mercurial solution. Ifc remains white during washing, 
but becomes red when dry. 2. When arsenic acid or arseniate of soda is 
added to the mercurous solution, a white compound of mercurous arseniate 
with mercurous nitrate, is first precipitated; but it soon turns yellow, 
then red, and ultimately assumes the purple-red tint of pure mercurous 
arseniate, the change being greatly accelerated by heat. When the salt 
prepared according to (1) or (2), is dissolved in warm nitric acid, and the 
acid gradually neutralized with ammonia, a black precipitate is produced, 
which turns red when continuously heated. (Simon.) 

Sometimes brown-red, sometimes purple-red; composed of fine needles. 
When dried at 100, and afterwards more strongly heated, it evolves a 
small quantity of water of crystallization, afterwards gives off mercury, 
and leaves yellow mercuric arseniate, which, at a higher temperature, is 
resolved into mercury, arsenious acid, and oxygen gas. With cold con- 
centrated hydrochloric acid, it yields a solution of arsenious acid and a 
residue of calomel, which is resolved, by boiling, into mercury and soluble 
corrosive sublimate. The salt is converted into mercuric arseniate by 
boiling with nitric acid, but dissolves unchanged in that acid when cold, 
and is precipitated from the solution by ammonia. Dissolves very 
sparingly in aqueous nitrate of ammonia, from which it separates on 
evaporation, with a fine red colour and crystalline structure. Quite 
insoluble in water, acetic acid, and ammonia. (Simon, Pogg. 41, 424.) 
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2Hg 2 O,AsO 5 .. 531 ....100-00 .... 100.0 + 2Aq. 549 ....100-00 

b. Monobasic.' Formed by boiling mercuric oxide, or salt a, to dry- 
ness, with aqueous arsenic acid, triturating the white mass when cold with 
water, washing the powder, and drying it in the water-bath, by which 
the whole of the water is expelled. White, not crystalline. At a red 
heat, it gives off mercury, and is converted into mercuric arseniate, which 
then undergoes further decomposition. By careful addition of potash, it 
is converted into salt a. With hydrochloric acid, and with boiling nitric 
acid, it behaves like the salt a. Dissolves less abundantly than the latter 
in cold nitric acid, and on the application of heat and the gradual addition 
of ammonia, it is precipitated from the solution in the form of the salt a. 
Insoluble in water, acetic acid, and alcohol. (Simon.) 

Simon. 

Hg^O 208 .... G4-4 .... 62*66 

AsO 5 115 .... 35-6 .... 37-34 

Hg 2 O,AsO 5 .... 323 Z 100-0 ~ lOO'OO 

E. ARSENIATE OF MERCURIC OXIDE, or MERCURIC ARSENIATE. 
Arsenic acid forms with mercuric nitrate, and arseniate of soda forms 
with solution of corrosive sublimate, a yellow precipitate, soluble in 
arsenic acid and in nitric acid. Yellow mercuric arseniate is also 
obtained by heating mercury with dry arsenic acid, the action being 
attended with evolution of arsenious acid. (Bergman.) 
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F. MERCUROUS SULPHARSENITE. 2Hg 2 S,AsS 3 .--Formed ^by pre- 
cipitating mercurous nitrate with a saturated solution of orpiment in 
aqueous sulphide of sodium. Black precipitate. When heated, it 
decrepitates violently, gives off mercury, and then sublimes in the form 
of G, a. (Berzelius.) 

G. MERCURIC SULPHARSENITE. a. Bibasic. 2HgS,AsS 3 . Formed 
by the sublimation of F. Dark coloured, nearly black ; shining, opaque; 
forms a dark red powder. (Berzelius.) 

1. Monobasic. HgS,AsS 3 .' Formed by precipitating corrosive sub- 
limate. The solution of corrosive sublimate must not be in excess, 
otherwise it will decompose the precipitate, and turn it white. Orange- 
yellow flakes, which become dark brown and deep yellow after drying. 
When heated, it fuses and sublimes without decomposition, forming a 
translucent yellowish mass, having the metallic lustre and a grey colour 
on the oblique fracture, and likewise yielding a yellow powder. 
(Berzelius, Pogg. 7, 149.) 

H. MERCUROUS SULPHARSENIATE. 2Hg 2 S,AsS 5 . Formed by pre- 
cipitating a mercurous salt. The black precipitate, when heated, gives 
off mercury with violent decrepitation, and then sublimes in the form of 
the salt I. 

I. MERCURIC SULPHARSENIATK 2HgS,AsS 5 . 1. By sublimation of H. 

2. Both bibasic and terbasic sulpharseniate of sodium form, with mer- 
curic salts, a deep yellow precipitate, which sublimes without decom- 
position. The sublimate is black, shining, and yields a dingy red 
powder. (Berzelius, Pogg. 7, 29,) 

K. CHLORARSENIDE OF MERCURY. a. Hg 3 As, SHgCl, or As,3Hg 2 Cl. 

The precipitate which arseniuretted hydrogen gas produces in a solution 
of corrosive sublimate. It must be washed with cold water, and quickly 
dried in vacuo. Brownish yellow. When heated in a glass tube, it gives 
off arsenic and calomel, without evolution of gas, and forms an orange- 
white sublimate, probably consisting of the undecomposed compound. If 
kept under a large quantity of water, after being washed, it turns black, 
and is finally resolved into globules of mercury, while the water takes up 
hydrochloric acid and arsenious acid : 

Hg r >,As,Cl 3 -]-3HO = 



It is therefore necessary, in passing the arsenuirettcd hydrogen through 
the solution of corrosive sublimate, to leave a portion of the latter unpre- 
cipitated ; by this precaution, the precipitate is preserved from decom- 
position. This compound is converted into calomel by immersion in 
slightly- warmed nitric acid. (H. Rose, Pogg. 51, 423.) 

H. Rose. 
6Hg .................... 600-0 .... 76-8 .... 76-80 

As .................... 75-0 .... 9-6 

3C1 .................... 106-2 .... 13-6 .... 13-13 

Hg 3 As,3HgCl.... 781-2 .... 100-0 ' 

1. Hg 2 As,2HgCl, or A s, 2 Hg*CL Berzelius (Scttw. 21, 339), by 
heating arsenic with calomel, obtained a small quantity of terchloride of 
arsenic, and a brown-red, partly-transparent sublimate, which yielded a 
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yellow powder, and contained mercury, arsenic, and chlorine. This 
compound is formed by heating an intimate mixture of 1 pt. arsenic and 
3 pts. calomel in a flask immersed in a sand-bath, till the greater part is 
sublimed. At the bottom of the flask there remains a hard, reddish 
yellow mass, containing globules of mercury; the sublimate consists of 
three substances, viz., a yellow or reddish yellow, hard, compact mass, of 
variable composition, on which there rest small, opaque, brown, dendritic 
crystals of the following compound c, and larger hyacinth-red crystals 
of the compound 6, now under consideration. 

The reddish yellow powder of this compound blackens very slowly 
when exposed to sun-light. When heated, it partly volatilizes undecom- 
posed, and is partly resolved into mercury, arsenic, and terchloride of 



3(Hg 4 ,As,Cl 2 ) = 

Under water, especially if boiling, it is completely converted into mercury, 
arsenic, and a solution of arsenious and hydrochloric acid. 

3(Hg 4 , As,Cl 2 ) + 6HO = 12Hg + As + 2As0 3 + 6HC1. 

Corrosive sublimate heated with arsenic likewise yields a brown-red 
sublimate, but a large quantity of terchloride of arsenic is likewise formed. 
(Capitaine.) 

Capitaine. 

4Hg ................ 400-0 .... 73-29 .... 6870717375 

As ................ 75-0 .... 13-74 

2CI ................ 70-8 .... 12-97 .... 1214 _ 

Hg 2 As,2HgCl 545-8 .... lOO'OO 

From the various results obtained in the analysis of different samples 
of this compound, Capitaine concludes that it was mixed with variable 
quantities of the compound c. 

c. HgAs,HgCl, or As,Hg 2 Cl. Obtained as a sublimate, together 
with 6, in brown, dendritic crystals. The yellow powder of this com- 
pound, when exposed to sunlight, even in a dry space exhausted of air, 
becomes greenish in a few seconds, afterwards darker, and finally black. 
When heated, it behaves like b, being but partially decomposed into 
mercury, arsenic, and terchloride of arsenic : 

3(Hg 2 ,AsCl) = 6Hg + 2 As + AsCP. 
It is also decomposed like b by immersion in water. 

3(Hg 2 ,AsCl) + 3HO = 6Hg + 2As + AsO 3 + 3HC1. 
(Capitaine, J. Pharm. 25, 559; also /. pr. Chem. 18, 422.) 

Capifcaine. 
2Hg ................ 200*0 .... 64-43 .... 64-11 to 65-18 

As .................... 75-0 .... 24-16 .... 23-50 ,, 22-93 

Cl .................... 35-4 .... 11-41 .... 11-76 11-89 

UgAs,HgCl .... 310-4 .... 100-00 1. 99'37 100-00 

L. NJTRO-ARSENIATE OP MERCUROUS OXIDE. 1. When a solution 
of bibasic mercurous arseniate in tolerably strong nitric acid is covered 
with an equal volume of water, aqueous ammonia poured upon that, and 
the whole left to stand quietly for some time, the double salt is deposited 
in white warty masses and needles. If the liquids are mixed too 
suddenly, the product becomes mixed with a large quantity of grey 
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powder, and likewise with bibasic mercurous arseniate. 2. On gradually 
adding to a warm solution of bibasic mercurous arseniate in nitric acid 
tlie liquid being agitated all the while such a quantity of ammonia that 
the bibasic mercurous arseniate shall be just on the point of falling down, 
and then leaving the solution to cool, this compound is obtained in warty 
masses, but not in needles. 3. The compound is also obtained in the 
form of a white powder, on adding a very small quantity of arsenic acid 
to a solution of mercurous nitrate. If too much arsenic be used, the pre- 
cipitate turns yellow or orange. Yellowish white, warty or needle- 
shaped. Gives off nitrous acid when heated either alone or with oil of 
vitriol. From its solution in nitric acid, ammonia added in proper pro- 
portion throws down bibasic mercurous arseniate. (Simon, Pogg. 41, 424.) 

Approximate Calculation. Simon. 

3Hg 2 O 624 .... 78-69 .... 80-24 

AsO 5 115 .... 14-50 .... 13-34 

NO 5 54 .... 6-81 

793 .... lOO'OO 

MERCURY AND ANTIMONY. 

A. ANTIMONIAL AMALGAM. Mercury does not act upon antimony at 
ordinary temperatures; combination takes place, however, on pouring 
3 parts of heated mercury on 1 part of melted antimony, and triturating the 
two together for a few minutes. The amalgam is soft, and when triturated 
for some time in the air, or when agitated with water, gives up its anti- 
mony in the form of a black powder. (Wallerius, Physische Ckemie, 
2, 1, 84.) The amalgam may also be formed by triturating 2 parts of 
antimony in a mortar with a small quantity of hydrochloric acid, and 
gradually dropping in 1 part of mercury,, continuing the friction all the 
while. (Rudolfi, ibid. 85.) When sodium-amalgam is immersed in a 
saturated solution of tartar- emetic, hydrogen gas [antimoniuretted?] is 
evolved, having a peculiar odour, and burning with a dazzling white 
flame, and the antimony is separated in blackish grey, metallic scales, 
without uniting with the mercury. (Bottger.) 

B. ANTIMONIATE OF MERCUROUS OXIDE, or MERCUROUS ANTT- 
MONIATE. Antimoniate of potash forms, with mercurous nitrate, an 
orange-yellow precipitate, insoluble in water. Hence mercurous nitrate 
may be used for the determination of antimonic acid when combined 
with alkalis, in the same manner as for tungstic acid (p. 111). (Berzelius.) 

C. ANTIMONIATE OF MERCURIC OXIDE, or MERCURIC ANTIMONIATE. 
1. When 1 part of antimony is heated with 8 parts of mercuric oxide, 
the mass glows; metallic mercury distils over; and this salt is produced in 
the form of a dark olive-green powder, which sustains a moderate red 
heat without alteration, but, when more strongly heated, is decomposed, 
yielding oxygen gas and vapour of mercury, together with a residue of 
antimony, and afterwards of antimonious acid. This compound is scarcely 
attacked^by alkalis, and by the greater number of acids, even sulphuric 
acid acting on it but slowly. The small quantity which dissolves in 
boiling hydrochloric acid is thrown down in the form of a light green 
precipitate by ammonia. 2. Aqueous antimoniate of potash forms an 
orange-yellow precipitate with mercuric salts. 
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D. MERCUROUS SULPIIANTIMONIATE. 3Hg 2 S,SbS 5 . Schlippe's salt 
added in any proportion to mercurous salts forms a black precipitate. 
(Rammelsberg.) 

E. MERCURIC SCJLPIIANTIMONIATE. 3HgS,SbS 5 . Formed by gra- 
dually adding a solution of corrosive sublimate to a solution of Sclilippe's 
salt, so that the latter remains in excess. Dark orange-coloured pre- 
cipitate, becoming brown when dried. (Rammelsberg, Pogg. 52, 229.) 

When a solution of Schlippe's salt is precipitated with a large excess 
of solution of corrosive sublimate, or when the precipitate B is heated 
with that solution, a white substance is formed containing (3HgS, SbS 5 ) 
+ 3HgCl +- 3HgO. This substance, when heated in a retort, assumes 
a dark colour, gives off sulphurous acid, then mercury and terchloride 
of antimony, and leaves black sulphide of mercury, which ultimately 
sublimes. 

2[(3 HgS,SbS 5 ) + 3HgCl + 3HgO] = 3S0 2 4- 2SbCl 3 + 5Hg + ISHgS. 

Caustic potash immediately blackens the white compound by converting 
it into pure sulphide of mercury, and taking up antimonic acid (which 
may be precipitated by nitric acid) together with chlorine. [Is not the 
sulphide of mercury mixed with red oxide ? for : 

(3HgS,SbS 5 ) + SHgCl 4- 3HgO 4- 4KO =8HgS 4- HgO 4- KO,SbO 5 4- 3KC1.] 

Simple acids act but slightly on the white compound j but aqua-regia 
dissolves it easily. (Rammelsberg.) 

Rammelsberg. 



9Hg 
Sb 


900-0 
129-0 


69-92 
10-02 


70-22 
9-60 


8S 


128-0 


9 '95 


9-68 


3C1 


106-2 


8-25 


8-99 


3O 


24-0 


1-86 


1-51 











1287-2 .... 100-00 .... 100-00 



MERCURY AND TELLURIUM. 

A. TELLURIUM-AMALGAM. Tin- white and granular. (Klaproth, Ber- 
zelius.) 

B. TELLURITE OP MERCUROUS OXIDE, or MERCUROUS TELLURITE. 
Deep yellow precipitate, which becomes brown after a while, and when 
exposed to the air, is converted into mercuric tellurite. (Berzelius.) 

C. TELLURITE OF MERCURIC OXIDE, or MERCURIC TELLURITE. 
This salt, when formed by double decomposition, forms with the liquid 
a white milk, from which it does not separate. (Berzelius.) 

D. TELLURATE OF MERCUROUS OXIDE, or MERCUROUS TELLURATE. 
Finely pounded crystallized mercurous nitrate, immersed in an aqueous 
solution of monotellurate of potash, forms a dark yellowish brown preci- 
pitate. When a solution of mercurous nitrate is precipitated by tellurato 
of potash, the precipitate is likewise yellowish brown, but is soon turned 
pale yellow by the action of the free acid in the mercurous solution, 
being probably converted into bitellurate of mercurous oxide. 
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E. TELLURATE OF MERCURIC OXIDE, or MERCURIC TELLURATE. 
Bulky white flakes. (Berzelius.) 

F. MEKCUROUS SULPHOTELLURITE. 3Hg 2 S,TeS 2 . The dark brown 
precipitate, when heated, gives off mercury with a hissing noise, and is 
converted into the following compound. 

G. MERCURIC SULPHOTELLUKITE, SHgS/TeS 3 . Yellowish brown. 
When strongly heated, it gives off sulphur, and then sublimes in the 
form of a dark grey mixture of sulphur and telluride of mercury, which 
yields a blackish grey powder. (Berzelius.) 

MERCURY AND BISMUTH. 

BISMUTH-AMALGAM. Mercury quickens bismuth even at ordinary 
temperatures; but the amalgam is more speedily formed by pouring 
2 parts of hot mercury into 1 part of melted bismuth. The amalgam, 
which is soft at first, gradually becomes crystallo-granular. Sodium- 
amalgam in contact with moist mononitrate of bismuth-oxide, or immersed 
in a solution of bismuth- nitrate, forms a compact amalgam with evolution 
of hydrogen, and separation of black pulverulent bismuth. (Bbttger.) 
A small quantity of bismuth takes away but little of the fluidity of 
mercury, and is therefore used for adulterating that metal; according to 
Lucas, however (JV. Tr. 10. 1, 195), mercury adulterated with only 
i-J-g- part of bismuth forms a black powder when agitated in the air. 
1 part of bismuth dissolved even in 1,200,000 parts of mercury may be 
detected by the addition of potassium-amalgam and water, the bismuth 
being then raised by the galvanic action in the form of a black powder, 
and attaching itself to the sides of the vessel. (Serullas, Ann. Chim. 
Phys. 34, 192.) 



MERCURY AND ZINC. 

ZINC-AMALGAM. When zinc-filings are triturated with mercury, at 
ordinary temperatures, combination takes place slowly; at a higher 
temperature, still somewhat under the boiling point of mercury, the 
metals combine easily, and still more readily when mercury is mixed 
with melted zinc. A bar of zinc, immersed to half its length in mercury 
for ten days, becomes pointed at bottom, and covered, especially on the 
upper part of the immersed end, with six-sided tables of the amalgam. 
(Daniell.) When zinc is placed in contact with mercury and a dilute 
acid, a galvanic action is set up (I, 348), and the zinc becomes covered 
with mercury, which then penetrates into the interior, and converts the 
whole of the metal into an amalgam. As soon as the zinc is com- 
pletely covered with mercury, the evolution of hydrogen ceases; but it 
begins again on bringing the amalgam in contact with iron, copper, 
or platinum, to which metals the mercury is then transferred. (L)obe- 
reiner, Schw. 17, 238.) Sodium-amalgam immersed in a concentrated 
solution of sulphate of zinc, forms a viscid amalgam of zinc. (Bottgcr.) 

The amalgam is usually prepared by cooling melted zinc to as low 
a temperature as it will bear without solidifying, and then pouring in 
the mercury in a fine stream, keeping the liquid constantly stirred. If 
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this precaution be neglected, part of the mercury is converted into 
vapour, sometimes throwing the melted metal about. 

8 pts. zinc to 1 pt. mercury: very brittle. 

1 pt. zinc and 4 or 5 pts. mercury form the amalgam for Higgins 
and Adams's electrical machine ; it is brittle and pulverulent. 

1 pt. zinc to 6 pts. mercury: tin-white, granular, brittle; fuses at 
the boiling point of olive-oil, but does not give olf mercury till raised 
to a higher temperature. At a dull red heat, it decrepitates strongly; 
at a stronger red heat, it. burns with great brilliancy, It is permanent in 
dry air. Cold dilute nitric acid decomposes it readily, and leaves the 
mercury unaltered till all the zinc is dissolved. Dilute sulphuric and 
hydrochloric acid act on it but slowly. Ammonia and sal-ammoniac 
also dissolve out the zinc very slowly, and form water. Zinc-amalgam 
immersed in the solution of a neutral salt of chromium, uranium, man- 
ganese, or iron, merely throws down the oxide; but from neutral solu- 
tions of cobalt, nickel, and copper, it precipitates the metal, which then 
combines with the mercury. (Damour, Ann. Mines. 3 Ser. 15., 41; also 
J.pr. Chem. 17, 345.) 

From an amalgam richer in mercury, six-sided laminae containing 2 
pts. zinc and 5 mercury, separate out on cooling. The portion which 
remains liquid is a solution of zinc in excess of mercury. 1 pt. of zinc 
dissolved in 8000 pts. of mercury may be detected by the black powder 
which forms on the surface when the mercury is agitated in the air. 
(Lucas.) 

Zinc-amalgam immersed in caustic potash liberates pure hydrogen 
gas. (Bischof, Kastn. Arch. ], 193.) When zinc- amalgam is immersed 
in aqueous protochloride of iron, and a crystal of a nitrate placed upon 
it, a black spot is gradually formed on the amalgam, consisting of 
reduced iron, which is immediately taken up by the mercury. The 
presence of a nitrate is essential to the production of this effect ; chlorates 
and other .salts do not act in the same manner. (Runge, Pogg. 9, 479.) 

IT Joule (Chem. Gaz. 1850, 339), obtains an amalgam having the 
composition Zn 2 Hg by dissolving zinc in mercury, and forcing out the 
excess of mercury by very strong pressure. IT 

B. SELENIDE OF MERCURY AND ZINC. A grey mineral from Culebras 
contains about: 24 pts. zinc, 19 mercury, 49 selenium, 1*5 sulphur, 
and 6 lime (loss 0'5.) Del Rio (Schw. 54, 226.) 

C. IODIDE OF MERCURY AND ZINC. Aqueous iodide of zinc saturated 
with mercuric iodide, yields, when evaporated under a bell-jar over 
sulphuric acid, first octohedrons and cubes of iodide of mercury, then the 
double iodide, in yellow, very deliquescent prisms, some of which are 
rhombic, and others hexagonal with pyramidal summits. (Bonsdorff.) 
158 pts. (1 At.) of iodide of zinc dissolved in water, take up, when the 
liquid is heated, only 431 pts. (not quite 2 At.) of mercuric iodide; the 
solution deposits part of the mercuric iodide on cooling, and a further 
quantity on the addition of water. (Boullay.) 

D. BROMIDE OF MERCURY AND ZINC. Prisms and tables, which are 
permanent in dry air, but deliquesce in a moist atmosphere. (Bonsdorff.) 

E. CHLORIDE OF MERCURY AND ZINC. The solution of corrosive 
sublimate in aqueous chloride of zinc deposits on. evaporation, beautiful 
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crystals of corrosive sublimate, after which, very deliquescent needles and 
tables slowly separate out. (Bonsdorif.) 

MERCURY AND CADMIUM. 

A. CADMIUM-AMALGAM. Combination takes place easily, even at 
ordinary temperatures. The amalgam is silver-white, crystalJo-graoular, 
crystallizes in octohedrons; it is hard and brittle, specifically heavier 
than mercury, and melts at 75. When the mercury is completely satu- 
rated with cadmium, the alloy contains 78'26 pts. (2 At.) of mercury to 
21*74 pts. (1 At.) of cadmium. (Stronieyer.) Sodium-amalgam immersed 
in a concentrated solution of sulphate of cadmium, is converted into 
cadmium-amalgam. (Bottger.) 

B. IODIDE OP MERCURY AND CADMIUM. When cadmium-filings are 
triturated with moistened protiodide of mercury, the product washed out 
with water, and the filtrate evaporated, the double iodide separates in 
small, yellowish- white, very soluble laminae. (Bertheniot, J. Pharm. ] 4, 
613.) 

MERCURY AND TIN. 

A. TIN-AMALGAM. The two metals unite quickly even at ordinary 
temperatures, still more quickly on pouring mercury into melted tin. A 
piece of tin, the lower end of which is immersed for four weeks in mer- 
cury, is penetrated through and through by the mercury, and exhibits 
cracks ; its lower end becomes attenuated by solution of the metal, and 
the immersed part is found to be covered with six-sided tables, some of 
which float about in the mercury. If a square bar of tin, whether cast 
in a square form, or hammered or filed square from a round bar, be kept 
for a few days under mercury, it splits in directions proceeding from the 
lateral edge to the opposite diagonals, thereby dividing itself into four 
triangular prisms, easily separated by a knife ; at the same time, a four- 
sided pyramid is formed at each end of the square bar. If the piece of 
tin has any other form, cracks are produced in other directions. (Daniell, 
J. of Roy. hist. 1, 1; also Pogy. 20, 260.) Sodium-amalgam immersed 
in a concentrated solution of protochloride of tin, yields a viscid amalgam 
of tin. (Bottger.) 

Tin-amalgam has a tin- white colour, and if the mercury be not in too 
great excess, is brittle, granular, and according to Daubcnton, crystallizes 
in cubes. 

SirHg and Snllg do not fuse till heated above 100. (llegnault.) 

Sn 3 Hg has at 26 a specific gravity of 8'8218; SirHg: 9'3185;~- 
SnHg: 10-3447; SnHg 2 : 11-3816. 1 volume of tin with 1 volume of 
mercury forms an alloy whose specific gravity at 17 is 10*4729; *1 vol. 
tin with 2 vol. mercury: 11*4646; and 1 vol. tin with 3 vol. mercury: 
12*0257. In most cases, therefore, condensation takes place; in the 
single instance of 1 vol. tin to 2 vol. mercury, however this condensation 
is scarcely perceptible. (Kupffer, Ann. Cldm. Phys. 40, 293.) 

The compound obtained by fusing 4 pts. of tin with 1 pt. of mercury, 
yields, if pulverized after cooling, a kind of mosaic silver, which, when 
rubbed on the polishiug-stone, acquires the metallic lustre. The silvering 
of mirrors is likewise an amalgam of tin. 
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When oil of vitriol is heated with tin-amalgam, and the action inter- 
rupted at the proper time, the whole of the mercury is found to be 
attacked, while the whole of the tin remains in the metallic state. (Brault 
& Poggiale, </. Pharm. 21, 140.) [Probably a misprint in the memoir; 
it is the tin which is chiefly attacked. G-m.~\ 

When the mercury is in very great excess, a liquid is obtained 
resembling mercury, and to be regarded as a solution of the amalgam in 
excess of mercury. With a smaller excess of mercury, a soft granular 
mixture is obtained, consisting of the solid amalgam and its solution in 
mercury. A solution of 1 pt. tin in 6000 mercury becomes covered with, 
a black scum on agitation in the air. (Lucas.) Potassium-amalgam 
together with water, separates tin from the liquid amalgam, in the same 
manner as it separates bismuth from the bismuth-amalgam (p. 122), but 
more slowly and less distinctly. (Ser alias.) 

B. STANNATE OF MERCUROUS OXIDE, or MERCTJROUS STANNATE. 
Stannate of potash yields with mercurous nitrate a yellow precipitate, 
which soon turns green, and finally becomes dark-green; it is composed 
of Hg 2 0,Sn0 2 + 5Aq. (Moberg.) 



C. STANNATE OF MERCURIC OXIDE, or MERCURIC STANNATE. Formed 
by precipitating mercuric nitrate. White, but changes to dark-green; 
composed of HgO,Sn0 2 -f 6 Aq. (Moberg, J. pr. Chem. 28, 231.) 

D. CHLORIDE OF MERCURY AND TIN. 1. Formed by fusing 3 pts. 
of tin with 1 pt. of mercury ; pulverizing the amalgam after cooling, and 
mixing it with 24 pts. of calomel; and heating the mixture in a glass 
retort, whose bulk is four times as great as that of the mixture (on 
account of the frothing), to about 250, at which temperature the action 
takes place, accompanied by a disturbance which lasts but for a short 
time. When the action is over, the retort is left to cool then broken 
the grey spongy mass separated from the mercury which collects below 
it afterwards pounded, introduced into a flat -bottomed flask provided 
with a stopper and heated in a bath of fusible metal, not above the 
boiling point of mercury, as long as white fumes continue to go off. Bi- 
chloride of tin then escapes, and chloride of mercury and tin sublimes, 
while protochloride of tin and metallic mercury below it remain in the 
flask. To obtain the sublimed substance?, the flask must be broken 
without shaking it. 2. The pulverized amalgam, of 3 pts. tin and 1 pt. 
mercury is heated as above with 3 parts of corrosive sublimate, till, at 
about 220, the mixture froths up briskly, giving off fumes of bichloride 
of tin, and a greyish white powder (consisting of calomel and a small 
quantity of protochloride of tin) sublimes. The brown mixture of 
calomel and protochloride of tin is then heated by itself in a retort to 
360, whereupon bichloride of tin volatilizes (because the protochlorido 
takes chlorine from the calomel), and the white compound, mixed with 
globules of mercury, sublimes, while mercury remains in the retort, 
together with protochloride of tin, still containing a small quantity of 
calomel. From this it appears that what the older chemists regarded as 
pure Jjutynim Stanni, contains protochloride of tin and likewise calomel 
in variable proportions. 

The compound forms small, dendritic crystals. On the application of 
heat, part of it volatilizes undecomposed, while the rest is resolved into 
mercury, protochloride of tin, and bichloride of tin, When water is 
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poured upon . this substance, it turns grey and then black, because the 
protochloride of tin separates mercury from the calomel; but, even after 
boiling for a short time, a small portion of calomel remains undecomposed, 
and the filtrate still contains a small quantity of protochloride of tin, 
together with bichloride. (Capitaine, J. P/iarm. 25, 549; also J. pr. Chem. 
18, 422.) 

Capitaine. 

Sn 59-0 .. 17'88 .... 17*68 

2Hg 200*0 .... 60-65 .... 61-31 

2C1 70*8 .... 21-47 .... 21*09 

SnCl,Hg 2 Cl .... 329-8 ~ lOO'OO ~ 100-08 

E. AMALGAM OF TIN AND BISMUTH. When 2 pts. of tin are fused 
with 2 pts. bismuth and 1 pt. mercury, and the mixture pulverized after 
cooling, a Mosaic Silver is likewise obtained. 

F. AMALGAM OF TIN AND ZINC. 1 pi zinc, 1 tin, and 2 mercury, 
form Kietimayer's amalgam, and 2 pts. zinc, 1 tin, and 3|- to 6 mercury, 
form Singer's amalgam for the rubbers of electrical machines. The tin is 
first added to the melted zinc, and then the mercury poured in after the 
liquid is sufficiently cooled. 



MERCURY AND LEAD. 

A. LEAD- AMALGAM. Formed by triturating lead-filings with mercury, 
or by shaking mercury into melted lead. A bar of lead immersed for 10 
days in cold mercury, appears thoroughly penetrated by the mercury, 
though it still remains somewhat ductile; it is also covered at the surface 
of the mercury with soft, feathery, silver-white crystals. (Daniell.) A 
bar of lead, bent in the form of a siphon, and dipping into mercury by 
one end, allows the mercury to flow out at the other and lower end, till 
the vessel is completely emptied. If the bar is made of non-hammered 
lead, the first drop of mercury shows itself in 24 hours; but if the lead 
has been hammered, it does not appear till after 10 days. The mercury 
does not pass along the bar, but through its pores. (Henry, N. Bill. univ. 
29, 175; also Poyg. 52, 187.) Sodium-amalgam immersed in a solution 
of acetate of lead, is converted into lead-amalgam. (Bottger.) 

Solid lead-amalgam is tin-white, crystallo-granular, pulverizable, and 
fuses at a moderate heat. The crystals contain 2 pts. of lead and 3 of 
mercury. 

1 volume of lead and 2 volumes of mercury form an amalgam which 
at 17 has a specific gravity of 12-8648; 1 vol. lead and 3 vols. mercury, 
sp. gr. ] 3*0397; and 1 vol. lead with 4 vols. mercury, sp. gr. 13*1581; 
condensation therefore takes place. (KupfFer.) 

The solid amalgam, mixed with a larger quantity of mercury, forms a 
granular, pasty mixture of the solid and liquid amalgams, from which the 
latter may be pressed out between wash-leather; with a still larger quan- 
tity of mercury it forms a liquid. Both the paste and the liquid yield a 
black powder, when agitated in the air (according to Bonsdorfi', only when 
the air is moist). According to Berzclius, this powder is a mixture of a 
very small quantity of suboxide of lead with a large quantity of unaltered 
amalgam. It is produced when only 1 grain of lead is dissolved in from 
12 to 16 pounds of mercury. (Lucas.) The liquid compound behaves 
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with potassium-amalgam and water, just like a solution of tin and mer- 
cury. (Serullaa.) Joule obtains Pb 2 Hg in the same manner as Zn 3 Hg. 
(p. 125.) 

B. SELENIDE OF MERCURY AND LEAD. Laminar with the cleavage- 
planes of the cube, or granular and compact. Sp. gr. 7*3 (from 7'804 to 
7'8765, according to H. Rose). Soft. Lead-grey. When heated in a 
glass tube closed at bottom, it forms a lead-grey sublimate, having the 
metallic lustre. (Zinken.) When the compound is thus treated, the sele- 
nide of mercury evaporates with ebullition, and the selenide of lead 
remains behind. (H. Rose.) Heated in a glass tube, open at both ends, it 
first yields the sublimate just mentioned then, above that, a sublimate of 
mercuric selenite, which, when heated before the blowpipe with a very 
strong and long-continued blast, may be fused into transparent, yellow 
drops. When ignited with tin (or with carbonate of soda : H. Rose), it 
yields a sublimate of mercury. Decrepitates strongly before the blowpipe, 
and when carefully roasted, forms a deposit on the charcoal just like sele- 
nide of lead (V. 139); with fluxes it likewise behaves like that compound. 
(Zinken, Pogg. 3, 277.) Specimens from the same vein exhibit very dif- 
ferent proportions of lead and mercury; when the mineral lies close to 
Bitter spar, it contains scarcely anything but selenide of lead; but as the 
specimens lie more remote from that formation, the quantity of selenide of 
mercury becomes greater. The two specimens on which the following 
analyses were made belonged to the same vein. (H. Rose, Pogg. 3, 29^.) 

At. H. Rose. At. H. Rose. 

Pb 3 .... 312 .... 54-55 .... 55-84 4 .... 416 .... 26'73 .... 27'33 

Hg 1 .... 100 .... 17-48 .... 16-94 7 .... 700 .... 44-99 .... 44-69 

Se 4 .... 160 .... 27-97 .... 24-97 11 .... 440 .... 28-28 .... 27'98 

PbSe,HgSe .... 572 ....100-00 .... 97'75* ....1556 ....100-00 ....100-00 

* The loss is chiefly in the selenium. (H. Rose.) 

The solution of iodide of lead in a hot solution of mercuric nitrate 
deposits nothing on cooling, but when evaporated, leaves a white powder, 
which is not decomposed by water, but dissolves almost completely. 
(Preuss, Ann. Pharm. 29, 328.) 

C. AMALGAM OF ANTIMONY AND LEAD. Wetterstadt's Marine 
Metal, recommended for the sheathing of ships. A sample having a 
specific gravity of 11-204, contained 94-4 per cent, of lead, 4*3 antimony, 
and 1*3 mercury; another, of specific gravity 11 '053, contained a some- 
what larger quantity of antimony, and more than 0'75 per cent, mercury, 
which appeared to be situated chiefly at the surface. (J. L. Jordan, J.pr. 
Chem. 10, 439.) 

D. AMA.LGAM OF BISMUTH AND LEAD. Pulverized lead-amalgam 
triturated with pulverized bismuth-amalgam, unites with it and forms a 
liquid amalgam (H. Davy), the combination being attended with great 
depression of temperature (Orioli, Dbbereiner, I. 299.) e. g. 1 pt. lead, 
1 bismuth, and 3 mercury. (H. Davy.) 

E. AMALGAM OF LEAD AND TIN. A bar of the alloy of lead and tin, 
immersed in cold mercury, is instantly penetrated by the mercury, and 
corroded at the lower part; it likewise becomes covered at the part near 
the surface of the liquid, with six-sided tables, some of which float on the 
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top. A crystal of a salt immersed in a watery liquid, is chiefly dissolved at 
the upper part, because the solution is heavier than the liquid; in this 
case, the contrary effect is produced, hecause the fluid amalgam of lead 
and tin is lighter than the mercury. (Daniell.) 

F. AMALGAM OP BISMUTH, LEAD, AND TIN. a. Rose's fusible metal 
fused with -^ pt. of mercury, liquefies at a temperature considerably 
below 100; e. g. a tea-spoon made of it melts when put into a cup of tea. 
When fused in a glass tube and immediately poured out, it leaves a 
specular film behind it. (Berzelius, LeJirb.) 

b. Amalgam for injecting anatomical preparations : 20 pts. bismuth, 
12 lead, 7 tin, and 4 mercury, (or more exactly: 497 pts. bismuth, 310 
lead, 177 tin, and 100 mercury). Silver-white, solid at ordinary tempe- 
ratures, becomes soft at 67'5, melts at 77-5, and does not solidify till 
cooled down to 60. (GobeL, Sckw. 48, 486.) Another recipe: 1 pt. bis- 
muth, 1 lead, 1 tin, and a proportionate quantity of mercury. 

c. Amalgam for silvering the inside of glass globes: 2 pts. bismuth, 
1 lead, 1 tin, and 10 mercury. This amalgam hardens after a while. 



MERCURY AND IRON. 

A. IRON-AMALGAM. Combination between these metals is very diffi- 
cult, and takes place under peculiar circumstances only; it is possible, 
indeed, that all the varieties of iron-amalgam hitherto obtained, may bo 
mere mixtures of mercury with very finely divided iron. 

1. Sodium-amalgam immersed in a saturated solution of green vitriol, 
is converted in a few minutes, into a silvery, tenacious mass, separate 
globules of which very readily obey the magnet; when exposed to the 
air, it quickly becomes covered with a yellow film of ferric oxide. The 
watery liquid above the amalgam thus formed, contains sulphate of soda, 
together with flakes of hydrated ferric oxide. (Klauer, Ann. Pharm. 10, 
89.) When the amalgam is formed in this manner, with a mixture of 
1 pt. sodium and 100 mercury, hydrogen gas is evolved; when the evolu- 
tion of gas ceases, which it does after a few minutes, the formation of the 
amalgam is complete. In small globules, it is attracted by a strong 
magnet. When distilled, it leaves finely divided iron. When exposed to 
the air, it becomes covered with a blackish grey coating of oxide, but the 
decomposition is not completed till after a considerable time. When the 
amalgam is heated in contact with the air, and stirred at the same time, the 

iron burns in small glittering stars. (Bottger, J. pr. Ckem. 1, 304.) 

2. Zinc-amalgam formed of equal weights of mercury and zinc, is tritu- 
rated with aqueous protochloride of iron, and the resulting mixture of 
iron and mercury kneaded together at a high temperature, till complete 
combination takes place. (Aikin, Gilb. 14, 242.) 3. One part of iron 
filings is intimately mixed with 2 parts of alum; 2 or 3 parts of mercury 
are then added; the whole triturated for an hour, at a gentle heat, with 
-i- pt. of water; and the alum finally removed by washing with a larger 
quantity of water. This amalgam swells up after a while to double ^its 
original volume [from liberation of hydrogen 1], and when it is pressed 
with the fingers, the bladders burst, and the mass becomes filled with 
cracks and small holes. When the amalgam is triturated with silver- 
glance or red silver-ore, the mercury is transferred to the silver. (Wei, 
Crell. Chem. Ann. 1789, 2, 309.) -IT 4. Joule (Chem. Gas. 1850, 339) 
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obtains an amalgam having the composition FeHg, by the electrolysis of 
an iron solution, the negative pole being formed of mercury. ^T. 

B. IODIDE OP MERCURY AND IRON. Formed by evaporating a 
saturated solution of iodide of mercury in aqueous protiodide of iron, 
over oil of vitriol in vacuo ; this mode of evaporation is rendered neces- 
sary by the great tendency of the solution to oxidate. Yellowish-brown 
prisms, which, when exposed to the air, become covered with a red-brown 
powder. (Bonsdorff.) The solution of iodide of mercury in hot aqueous 
iodide of iron deposits part of the iodide of mercury as it cools ; the 
remaining liquid, evaporated till it forms a saline crust, yields brownish- 
yellow, very deliquescent needles, which are decomposed by a larger 
quantity of water, and dissolve in strong acetic acid and in alcohol. 
(Berthemot.) 

C. BROMIDE OF MERCURY AND IRON. Turbid yellowish prisms, 
which quickly deliquesce when exposed to the air in its ordinary state. 
(Bonsdorff.) 

D. CHLORIDE OF MERCURY AND IRON. Aqueous protochloride of 
iron readily takes up corrosive sublimate, and first deposits a portion of 
that compound unaltered: but, afterwards, when evaporated over oil of 
vitriol, yields honey -yellow, rhombic prisms, isomorphous with those of 
the manganese salt, and therefore consisting of FeCl, HgCl -j~ 4 Aq. 
They deliquesce in the air, with separation of a brown powder. (Bons- 
dorff.) 

MERCURY AND COBALT. 

A. COBALT-AMALGAM. 1 . Sodium-amalgam immersed in a saturated 
solution of chloride of cobalt, liberates hydrogen gas and precipitates 
protoxide of cobalt, converting the liquid into a violet-coloured magma, 
and at the same time takes up a portion of the cobalt. The amalgam is 
less fluid than mercury, and is not affected by the magnet till part of the 
mercury has been driven off by heat. (Bbttger.) 2. An amalgam con- 
sisting of 1 pt. of zinc and 6 of mercury, immersed in an aqueous solution 
of chloride of cobalt supersaturated with ammonia, liberates a consider- 
able quantity of hydrogen gas, and is converted into cobalt-amalgam, 
the zinc dissolving in the liquid. The liquid above the zinc-amalgam 
must be renewed as often as it loses its colour. The zinc still contained 
in the amalgam may be dissolved out by boiling dilute sulphuric acid, 
which does not act on the cobalt of the compound. The amalgam is of a 
dull silver-white colour, and is attracted by the magnet, even when not 
perfectly freed from zinc. When heated in a close vessel, it leaves the 
cobalt in the form of a grey magnetic mass. Exposed to the air, it 
becomes covered with a black powder of oxidized cobalt. Aqueous 
chloride or sulphate of cobalt, yields the same amalgam, but not so 
quickly; from nitrate of cobalt the zinc-amalgam separates nothing but 
protoxide. (Damour, J. pr. Chem. 17, 346.) 

B. CHLORIDE OF MERCURY AND COBALT. By dissolving corrosive 
sublimate in aqueous chloride of cobalt, and evaporating, carmine- 
coloured, highly deliquescent prisms are obtained, isomorphous with the 
corresponding manganese and iron salts. (Bonsdorff.) 

VOL. VI. K 
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MERCURY AND NICKEL, 

A. NICKEL-AMALGAM. When sodium- amalgam is immersed in -water 
saturated with chloride of nickel, and the liquid heated, hydrogen gas is 
evolved, hydrated oxide of nickel precipitated, and the sodium-amalgam 
converted into nickel-amalgam. This amalgam is almost as fluid as 
mercury. It is not magnetic, and causes no evolution of gas when 
immersed in water or in dilute acids. (Bottger, J. pr. Chem. 12, 351.) 
2. On treating a nickel-solution in the manner described for the prepa- 
ration of cobalt-amalgam, the same phenomena are produced. After a 
few days, when the amalgam no longer liberates hydrogen from fresh 
quantities of the ammonio-chloride of nickel, it is pulverized and boiled 
for a while with dilute sulphuric acid, till the greater part of the zinc 
has. dissolved, with evolution of hydrogen. If the boiling be too long 
continued, the nickel likewise dissolves, fetid hydrogen gas being at the 
same time evolved. The amalgam is solid, and may be attracted by the 
magnet. When distilled, it leaves metallic nickel in the form of an ash- 
grey, spongy mass. On exposure to the air, a black crust of oxidized 
nickel forms upon its surface till it is converted into running mercury. 
Cold dilute sulphuric or hydrochloric acid dissolves out the nickel from 
it very slowly, the same acids, when hot, produce this effect somewhat 
more quickly. Nitric acid dissolves it completely. It may be combined 
with larger quantities of mercury. Aqueous chloride or sulphate of 
nickel may be substituted for the ammonio-chloride, but they form the 
amalgam less quickly; from nitrate of nickel, zinc-amalgam throws down 
nothing but hydrated oxide of nickel. (Damour.) 

B. CHLORIDE OF MERCURY AND NICKEL. By spontaneous evapo- 
ration, small, apple-green, regular octohedrons are obtained, having 
probably a composition corresponding to that of chloride of mercury and 
calcium; and the mother-liquid, when evaporated over sulphuric acid, 
yields deliquescent oblique rhombic prisms. (Bonsdorff.) 



MERCURY AND COPPER. 

A. COPPER-AMALGAM. 1 . A piece of copper-foil immersed in a solu- 
tion of nitrate of mercury, is gradually penetrated by the mercury, and 
at last becomes brittle. 2. The amalgam may be formed by triturating 
mercury with common salt and verdigris. (Lewis.) 3. By triturating 2 
parts of mercury, 2^ of verdigris, and I of common salt with a small 
quantity of heated vinegar, which must be renewed as it evaporates, and 
purifying the amalgam by washing. (Boyle.) 4. By mixing 1 part of 
finely divided copper obtained by reducing the oxide 'with hydrogen, 
or by precipitation from the sulphate by zinc or iron with a few drops 
of mercurous nitrate, by which it is quickened, and then triturating with 
3 parts of mercury, a light red amalgam is formed. (Berzelius.) 
5. Mercury placed in contact with the negative pole of a voltaic pile, 
and covered with solution of blue vitriol into which the positive wire 
dips, becomes perfectly saturated with copper. (Grove, Phil. Mag. J. 15, 
83.) U According to Joule, the amalgam thus obtained has the compo- 
sition CuHg; and the same definite compound is obtained by dissolving 
copper in mercury, and removing the excess of the latter by strong 
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pressure. (Chem. Gaz. 1850, 339.) ^ 6. Sodium-amalgam immersed in 
a solution of blue vitriol, is converted into copper-amalgam. (Klauer.) 
A strong solution of blue vitriol and sal-ammoniac, treated in a similar 
manner, yields a somewhat bulky amalgam of copper and ammonium, 
which has a reddish or golden-yellow colour, and soon decomposes, 
7. Zinc-amalgam, immersed in a copper solution supersaturated with 
ammonia, forms an amalgam in white ramifications. (Daniour.) 

B. Hyposulphite of Mercurous and Cuprous Oxide? When a solution 
of hyposulphite of mercuric oxide and potash is mixed with sulphate of 
cupric oxide, the liquid remains clear at first, but soon becomes turbid, 
and yields a brown-red precipate, which must be washed with cold water. 
Part of the excess of acid appears to be converted into sulphuric acid by 
reducing the protoxides of copper and mercury to dioxides. The preci- 
pitate heated out of contact of air, yields sulphurous acid, mercury, 
su|phide of silver, and sulphide of copper. It blackens when boiled with 
water, which dissolves sulphuric acid from it and forms sulphide of 
copper. Nitric acid extracts ' copper from it, with evolution of nitrous 
gas, and leaves a light yellow powder, consisting of sulphide of mercury 
combined with the nitrate and sulphate of mercuric oxide. Ammonia 
and potash blacken the precipitate when heated with it, and acquire a 
blue colour ; with potash, however, the colour is but faint. (Rammels- 
berg, Pogg, 56, 319.) 
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C. CHLORIDE OF MERCURY AND COPPER. From a solution of corro- 
sive sublimate in aqueous chloride of copper, the simple chloride of mer- 
cury separates first, and afterwards the double salt in needles united in 
radiated masses and permanent in the air. (BonsdorfF.) 

D. CHLORIDE OF MERCURY, COPPER, AND POTASSIUM. A dilute solu- 
tion of mono-acid or bi-acid chloride of mercury and potassium (pp. 101,102), 
mixed with chloride of copper and left to evaporate freely, yields crystals 
of the double salt now under consideration. Afterwards, cither tho 
double chloride of mercury and potassium, or the chloride of copper 

-separates out, accordingly as the one or the other salt was in excess in 
the mixture. An excess of one of the salts is essential to the formation of 
good crystals of the double salt. (Bonsdorff.) 

Right rhombic prisms. Fig. 75 ; also with the p~ face instead of the 
y- faces u 1 : w=10923 f ; y :y backwards = 70 -5 r . (Nordenskiold.) 
The crystals have a strong glassy lustre; their colour is between emerald- 
green and grass-green, and they yield a light green powder. The salt 
fuses when heated, turns yellowish-brown, evolves water, and afterwards 
corrosive sublimate. Permanent in dry air, but turns yellowish in damp 
air from decomposition. In air saturated with moisture, it deliquesces and 
forms needles, probably consisting of chloride of mercury and potassium. 
The crystals, when immersed in cold water, to which they impart a light 
blue colour, acquire a white glimmering surface, probably in consequence 
of the formation of needles of the bi-acid chloride of mercury and potas- 

K 2 
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.slum. In boiling water they form a grass-green solution, and crystallize 
out from it unaltered when evaporated by the aid of heat; but, if the 
solution be rapidly cooled, the greater part of the chloride of mercury and 
potassium crystallizes out alone, and the liquid turns blue. The salt is 
affected in the same manner by hyd rated alcohol at a boiling heat ; 
absolute alcohol does not dissolve it. (Bonsdorff, S3, 81.) 

Bonsdorff. 
Crystallized. a. I. 
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a was crystallized from a solution containing excess of chloride of 
copper; b from a solution containing an excess of chloride of mercury and 
potassium. (BonsdoriF.) 

OTHER COMPOUNDS OF MERCURY. 

With Silver, Gold, Platinum, Palladium, Rhodium, Iridiura, and 
Osmium. 



CHAPTER XXXVII. 

SILVEE. 

Proust. J. Phys. 62, 211; also N. GeU. 1, 508. 



Argentum, Luna, Diana, Argent, Silber. 

History. Silver has been known from the earliest times. The alche- 
mists were acquainted with horn -silver and nitrate of silver. 

Sources. Silver is tolerably abundant, and occurs: Native; as sul- 
phide (Vitreous Silver or Silver-glance) ; as sulphide of silver and anti- 
mony (Brittle Silver-glance or Psaturose, Red Silver, and Miargyrite); as 
sulphide of silver and iron (Sternbergite); as sulphide of silver and copper 
(Argentiferous Copper-glance); as sulphide of antimony, silver, and 
copper (Polybasite) ; as sulphide of antimony, silver, and lead (Donacar- 
gyrite); and in some other sulphur-salts (Fahl-ore, Graugiiltigerz, Weiss- 
giiltigerz) ; as selenide of silver and copper (Eukairite) ; as iodide of 
silver; as bromide; as chloride (Horn-silver); as chloro-broniide ; as 
antimonide of silver; as .telluride of. silver; as telluride of gold and silver 
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(White Tellurium and Graphic Tellurium); as silver-amalgam; as an alloy 
of silver and copper; and as an alloy of gold and silver. 

^| According to Malaguti, Durocher, and Sarzeaud (JV. Ann. Chim. 
Pkys. 28, 129), a small quantity of silver occurs in sea-salt, in sea-water 
itself (about 1 milligramme in 100 litres); in various fuel (Fiicus serratus 
and F. ceramo'ides contain at least TW ^~~) in chemical products for the 
preparation of which common salt is used (e.g. carbonate of soda and hydro- 
chloric acid); in the ashes of land plants, the insoluble portion containing 
more silver than the soluble part; in the ash of ox-blood, in rock-salt, and 
probably also in coal. In sea-water it occurs in the form of chloride. IT 

Preparation. 1. The silver is first made to unite with lead, and 
the lead, together with other foreign matters, is afterwards removed. 
a. Rich ores are fused with lead in crucibles. Two layers then form, 
the upper one consisting chiefly of silver and lead, the lower of sulphide 
of lead and other metallic sulphides. b. The silver ores are fused in a 
smelting furnace, and the melted mass as it flows out, is stirred up with 
melted lead. In this case, also, the silver unites with part of the lead, 
while the rest of that metal mixes, in the form of sulphide, with the sul- 
phides of the other metals contained in the ore. c. The silver ores are 
fused with roasted lead ores, which may likewise contain silver, and with 
artificially prepared oxide of lead, such as litharge (V. 106, 2, a). 
d. The silver ores are fused with un roasted lead-glance and with iron : 
this is called the method of precipitation (V. 106, 2, b). e. Very poor 
silver ores are fused with iron pyrites, and the argentiferous sulphide of 
iron thus obtained, is first roasted, and then smelted with lead ores, the 
lead separated from which, takes up the silver. -f. Argentiferous copper 
ores are treated as described on page 398, vol. v., so as to yield argen- 
tiferous blue copper; and this, when fused with three times its weight of 
lead, and left to cool in the pans, solidifies in cakes, which are a mixture 
of two alloys. On the application of a gentle heat, the alloy which con- 
tains the larger quantity of lead, and nearly all the silver, flows out; and 
the remainder of the cake, which is contracted and porous, and contains a 
small quantity of lead and a very small quantity of silver united with 
the copper, yields, wLcn heated to redness in contact with the air, a num- 
ber of products, among which is a small quantity of lead containing 
silver and copper. 

The argentiferous lead obtained by cither of these processes, is strongly 
heated in a reverberatory furnace, the hearth of which is covered with 
lime and washed wood-ashes, the flame being made to play over it. 
The lead, together with any other base metals accidentally present, is 
oxidized by the air blown over its surface by means of two pair of 
bellows, and forms at first a comparatively impure, difficultly fusible 
oxide, the dross, but afterwards a continually purer oxide, which partly 
flows oft' in the form of litharge, and partly sinks into the hearth. The 
silver separated by this refining process, is called in German, Micksiher. 
The silver, often mixed with gold, remains behind in the metallic state, 
and is freed from the hist traces of foreign metals by again fusing it in 
the air. This process yields Fine silver or Cupelled silver. If the argen- 
tiferous lead be left to solidify slowly after fusion, lead nearly free from 
silver crytallizes out first, and may be removed by a ladle, while nearly 
all the silver remains in the portion (amounting to half or a third of the 
whole), which remains longest in a state of fusion. (Pattinson, Jakresber, 
17, in.) if Two new methods of extracting silver from its ores, without 
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the 'aid of mercury, liave lately been introduced in Mexico. The first of 
these methods consists in roasting the ores with common salt; dissolving the 
resulting chloride of silver by means of a hot solution of common salt; and 
precipitating this solution with metallic copper. According to the second 
method, the ores are converted into sulphates by roasting; the sulphates 
extracted with water ; and the solution likewise precipitated by copper, 
(Liebig & Kapp's JaJiresber, 2, 629.) Malaguti and Durocher (Gompt. 
rend. 29, 735} find that silver may be directly reduced from the sulphide, 
without previous conversion into chloride, by subjecting the ores to the 
action of nascent hydrogen,, or, still better, by treating them with metallic 
copper and blue vitriol, green vitriol, and alum. IT 

2. The silver is first united with mercury and then separated from 
that compound : Amalgamation. a. Ores which only contain metallic 
silver are agitated with mercury, after being finely divided by stamping. 
b. Ores in which the silver exists in the form of sulphide, require a 
previous treatment with chlorine-compounds, to convert the sulphide of 
silver into chloride. It is then reduced by iron or another metal. 
a. Freiberg Process. The ore is finely pounded, intimately mixed witli 
common salt, and roasted whereby metallic silver, chloride of silver, 
and sulphate of soda are produced and afterwards worked about in 
casks with water and iron, or other base metals, and finally also with 
mercury, which takes up the silver. The mercury is separated from the 
silver by pressing out the excess, which contains but little silver, and 
distilling the solid amalgam in an apparatus very similar to that which 
is used at Horzowitz (p. 2). The porous silver which remains is freed 
from any baser metals that may be mixed with it, by cupellation with 
lead or by ignition in the air, and subsequent treatment with dilute sul- 
phuric acid. (Larnpadius.)- /3. American Process. The ore in a finely 
divided and moist condition, is exposed for a considerable time to the 
successive action of common salt, sulphate of copper, and mercury. To 
effect an intimate mixture of the ore with these materials, men or horses 
are made to walk about for several hours on the heaps of moistened ore, 
which are formed on a paved floor, and the whole is frequently stirred 
with shovels. The sulphate of copper used is generally roasted copper 
pyrites, known by the name of Magistral; the mixing of this substance 
with ore already containing common salt is called the Incorporation. 
Finally, the silver-amalgam formed by the previous processes is separated 
from the exhausted ore by washing with water in casks. (Lyon, 
Schw. 54, 3.) In this process, the common salt and the sulphate of 
copper form sulphate of soda and protochloride of copper. The latter 
gives up chlorine, and converts part of the sulphide of silver into chloride, 
separating the sulphur, provided that an excess of common salt is present, 
to hold in solution the dichloride of copper as it forms. The latter then 
acts upon another portion of the sulphide of silver, forming disulphide of 
copper and chloride of silver. The chloride of silver thus produced 
dissolves in the common salt, and is decomposed by the mercury subse- 
quently added, yielding silver and calomel. This process is always 
attended with a loss of mercury, which, however, may be diminished by 
the addition of iron previously to the mercury. (Boussingault, Ann. CMm t 
PJiys. 51, 337.) 

Might not many of the poorer silver-ores be treated as follows : 
pounding them finely roasting them, if they contain sulphur and 
heating them with a quantity of oxide of manganese and hydrochloric 
acid sufficient to convert the sulphide of silver into chloride washing 
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thoroughly with water dissolving out the chloride of silver by ammonia 
separating it by distillation and reducing with sulphuric acid and 
iron? (Gm.) 

U Malaguti and Durocher have examined the influence of the accom- 
panying matrix and of the soluble salts on the amalgamation of silver 
ores. They find that the matrix exerts a greater disturbing effect on the 
process, in proportion as it is fatter and more argillaceous, and less, as it 
is poorer and more siliceous. They attribute a peculiar deteriorating 
effect to carbonate of lime, and foreign metallic sulphides (PbS, ZnS, &c.); 
the presence of salts (common salt among the rest) they regard, on the 
other hand, as advantageous. From a series of comparative experiments, 
they conclude that when mercury alone is used, chloride of silver is more 
difficult to reduce than metallic silver, and even than the sulphide; but 
that the process is greatly accelerated by metallic iron. The extreme 
slowness of the American amalgamation process they attribute to the 
presence of foreign metallic sulphides, the sulphide of silver being con- 
verted into chloride less quickly than most of the other sulphides. More- 
over, this conversion of the sulphide of silver is exclusively due to the 
chloride of copper (the sulphur being either separated in the free state or 
converted into sulphuric acid, according to the facility of access of the 
air), the common salt merely serving to accelerate the action. (Compt. 
rend. 29, 735; Liebig & Kopp's JaJiresber. 2, 631.) [For Percy's experi- 
ments on the separation -of silver and gold from their ores in the wet 
way, vid. Phil Mag. J. [3], 36, 1.] IT 

Purification. 1. By repeated cupellation with pure lead. 

2. The silver is dissolved in nitric acid, common, salt added to throw 
it down as chloride, and the metal separated from that compound after 
careful washing with hot water. a. A crucible is nearly filled with an 
intimate mixture of 3 pts. chloride of silver and 1 pt. common resin; a 
gentle heat applied at first, whereupon the resin burns with a flame 
coloured green by the hydrochloric acid formed from the chlorine of the 
horn-silver and the hydrogen of the resin ; the heat is then raised to the 
melting-point of the silver, a small quantity of borax being added, and a 
few slight blows given to the crucible to accelerate the union of the 
silver. The charcoal which remains on the top is perfectly free from 
silver ; this process is preferable to all the rest. (Mohr, Ann. Pharm. 
3, 331.) b. The chloride of silver is ignited with a fixed alkali. a. With 
hydrate of potash; this, however, is rarely used. p. With 1 or 2 pts. of 
dry carbonate of soda. Oxygen and carbonic acid are then given off 
with effervescence. (Gm.) 

AgCl -i- KO,C0 2 = Ag + KC1 + + CO 2 . 

The chloride of silver fuses before it is decomposed, and then sinks into 
the pores of the earthen crucible, thereby causing a loss; this loss may 
be more or less prevented by the following methods : An intimate mixture 
of 1 pt. chloride of silver and 1 pt. carbonate of potash or -| pt. dry car- 
bonate of soda is placed in a glass vessel, which is carefully heated to 
low redness in a crucible filled with sand ; the contents are then washed 
with water, and the silver is obtained in the form of a soft powder. This 
process is dangerous, from the liability of the glass to crack. The mix- 
ture is placed in an. earthen crucible, and the temperature kept for the 
first half-hour at low redness, so that the greater part of the gases are 
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given off before the mass fuses and spits; after which, a stronger heat is 
applied. The hottom and sides of the earthen crucible are thickly covered 
with 1^ pt. moist carbonate of potash the heat raised to redness and 
the dry mixture of equal parts of chloride of silver and carbonate of 
potash introduced by small portions at a time. (Gin.) Between 1 and 
2 pts. of carbonate of potash are fused in the crucible, and the thoroughly 
dried chloride of silver then introduced in successive small portions. A 
loss of 2 or 3 per cent, by spitting is scarcely to be avoided. (Giese, 
Scher. Ann. 3, 141.) A mixture of carbonate of soda with the carbonate 
of potash is useful, because it lowers the melting-point. (Mohr.) In 
every case, the mixture is strongly ignited at last, to bring about the 
union of the separated silver. The silver reduced by this process some- 
times retains a small quantity of chloride, which remains behind when 
the silver is dissolved in nitric acid. (Proust.) y. With lime. 100 pts. 
of chloride of silver, 20 of dried lime, and 4*2 of charcoal. (Gay-Lussac, 
Ann. Chim. Phys. 14, 319.) With these proportions, great loss is 
incurred. (TrommsdorfT, N. Tr. 5, 2, 437.) 1 pt. of chloride of silver 
with 1^ to 2 pts. lime, fuses imperfectly, and produces but an incomplete 
separation of the silver. (Meissner, BerL Jahrb. 1818, 178.) c. The 
chloride of silver is boiled with strong caustic potash, and the resulting 
oxide of silver, after being washed aud dried, is fused till the silver melts 
together. For this purpose, the chloride of silver precipitated by common 
salt is well washed with water by decantatiou, the liquid being frequently 
stirred with a glass rod, and then, while still moist, boiled in a clean 
vessel of platinum, silver, or iron, with excess of potash-ley of specific 
gravity at least I '25, stirring well all the time, till a sample of the oxide 
taken out and washed, dissolves completely in nitric acid. The oxide is 
then washed by decantation, first three times with hot water, and then 
with cold water, because, when nearly washed, it has a tendency to rise 
to the surface of the hot water. The oxide, if pure, is heated alone 
till it is reduced to the metallic state ; if it still contains chloride of 
silver, a small portion of carbonate of potash is added. The quantity of 
chloride still present being but small, there is no fear of loss from its 
sinking into the crucible, or by spitting. (W. Gregory, Phil. Mag. J. 22, 
284.) d. The chloride of silver is placed in contact with iron or zinc 
and water, to which, in order to accelerate the action, a small quantity of 
hydrochloric or sulphuric acid may be added; and the reduced silver is 
quickly washed, first with acidulated and afterwards with hot pure water, 
and then fused with borax and nitre. Silver precipitated by zinc presents 
the appearance of a soft grey powder. Giese decomposes 1 part of 
chloride of silver with 1 part of zinc, 2 parts of oil of vitriol, and 6 of 
water; with these proportions, the whole of the zinc dissolves. Iron- 
wire may also be used for the same purpose. Or the chloride of silver 
may be heated in an iron vessel with iron filings and water, and a small 
quantity of hydrochloric acid. (Lesage.) It is not easy to obtain a com- 
plete decomposition with zinc; moreover, a small quantity of that metal 
unites with the silver, and cannot be removed by hydrochloric acid so 
likewise do some of the impurities of the zinc or the iron. (Gregory.) 
The chloride of silver may also be decomposed by trituration with twice 
its weight of mercury and a small quantity of water, the resulting 
amalgam ignited after washing with water, and the residual silver 
formed into a button by fusion with T V of its weight of borax. e. A 
.cylinder, open at top, closed at bottom with a piece of membrane, and 
containing water in which finely divided chloride of silver is diffused, 



SILVER. 137 

is placed upon a zinc plate immersed in water, and a connexion made by 
means of a silver or platinum wire, between the zinc plate and the water 
of the cylinder. (Fischer, Schw. 20, 48.) This decomposition takes about 
a week, and is only adapted for small quantities. (Giese.) 

3. The impure silver is dissolved in nitric acid, the dilute solution 
precipitated by copper; and the precipitated silver, after thorough 
washing, is digested with ammonia as long as that liquid acquires a blue 
colour; or it is left for some time in contact with an aqueous solution of 
silver-nitrate, in order to dissolve the copper that is mixed with it, and 
then washed and ignited. When a solution of silver-nitrate is pre- 
cipitated by green vitriol, the silver precipitate contains sulphate of ferric 
oxide (or sulphate of ferric oxide and silver-oxide, according to Giese), 
which remains behind in the form of a yellow powder when the silver is 
dissolved in nitric acid. 

Properties. Silver crystallizes naturally in forms belonging to the 
regular system. Fig. 1, 2, 3, 4, 9, and 11 (with octohedral faces). 
Made-crystals of cubes and leucite-octohedrous also occur; dendritic 
forms are likewise frequent. It is harder than gold, but softer than 
copper; elastic; gives a clear ringing sound; is very malleable and ductile; 
may be hammered into leaves, O'OOOOl of an inch in thickness. One 
grain of silver may be drawn out into a wire 400 feet long. Fracture 
indented. Specific gravity of fused silver 10*4382 (Karsten), 10-474 
(Brisson), 10'481 (Fahrenheit), 10'53 (G. Rose); of hammered silver, 
10-510 (Brisson), 10-50 (Muschenbroek), 10*57 (G. Rose); of silver pre- 
cipitated from the nitrate by green vitriol, from 10*56 to 10*92 (G. Rose). 
Silver is the whitest of all the metals. 

In the finely-divided state, e.g. as obtained in the decomposition of the 
chloride by zinc in the humid way, silver presents the appearance of a dull, 
dark grey powder. To obtain it in this form, the chloride must not be 
precipitated at a high temperature, or washed with water at a temperature 
above 60, or dried by the aid of heat ; neither must the silver precipitated 
by zinc be subjected to heat in either of these ways. If a higher tem- 
perature is applied, the silver becomes more compact, whiter, and more 
metallic. (Bcrzelius.) Silver precipitated on glass in very thin films (by 
aldehyde-ammonia), or thrown down from a liquid in the form of a very 
fine powder, exhibits a violet colour by transmitted light. 

Silver may be welded. Pulverulent silver reduced from the chlo- 
ride by zinc may be welded by the process devised by Wollaston 
for platinum. (Fournet, Ann. O'kim. Piiys. 75, 435.) Fuses at 999 
(C. Prinsep), at 1000" (Pouillet), at 1034 (Guyton-Morveau), at 1223 
(Daniell), and in the fused state exhibits a stronger lustre. According to 
Persoz (Chini. molecul. 240), pieces of solid silver float upon the melted 
metal, showing that silver expands in solidifying, like water. 

Silver in the melted state absorbs oxygen in the same loose manner 
as water takes up various gases. This effect takes place when the silver 
is fused in the air, or under a small quantity of nitre. The absorbed 
oxygen escapes as the silver solidifies, and may be collected over water. 
If, in consequence of rapid cooling, the surface of the silver solidifies 
before the oxygen has escaped from the interior, the gas bursts the super- 
ficial crust, and drives out part of the fus'ed silver in spherules and ex- 
crescences; this effect is called the spitting of silver. Charcoal powder 
thrown on melting silver withdraws the absorbed oxygen, and con- 
sequently prevents the silver from spitting as it cools. (Samuel Lucas, 
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Ann-Chim. Phys. 12, 402; also Schw. 53, 187; also N. Tr. 4, 2, 81.) 
^f. According to H. Rose (Pogg. 68., 274), the spitting of silver takes 
place not only in contact with the air, but also under layers of various 
salts an inch thick, sufficient, therefore, to prevent access of atmospheric 
oxygen ; in this case, however, the salt must contain a substance which 
does not give up oxygen till raised to a very high temperature; moreover, 
the saline covering must consist of easily fusible salts, which do not 
solidify till after the silver. No spitting takes place when silver is fused 
under common salt; but on the addition of nitre, spitting is produced. 
Chlorate of potash, however, does not produce this effect, because it gives 
up the whole of its oxygen before the silver melts. These facts will 
serve to explain why it is that no spitting takes place in the reduction of 
silver by carbonate of potash. For the evolution of oxygen takes place 
at a temperature below tbat at which silver melts ; and the reduced 
porous metal does not fuse till the heat is considerably increased ; but it 
then finds no more oxygen in the fused chloride of potassium to combine 
with, and the oxygen of the air is completely kept off by the saline crust. 
Spitting is also not produced under very viscid saline crusts, even when a 
sufficiency of oxygen is present. IF 8 grammes of silver fused in the air 
give off 0'0078 litre of oxygen in solidifying ; but the presence of 5 per 
cent, of copper deprives the silver of the power of absorbing oxygen. 
(Chevillot, Ann. Chim. Pliys. 13, 299; also Schiv. 53, 190.) When small 
quantities of nitre are thrown on melted silver at intervals, for half an 
hour, and the crucible is then placed under a bell-jar filled with water, the 
silver gives off 22 times its volume of oxygen gas, and acquires a rough, 
wrinkled surface. [Might not part of the oxygen here evolved proceed 
from peroxide of potassium ?] When oxygen gas is passed for half an hour 
over melted silver contained in a porcelain tube, the tube closed, and then 
left to cool, a vacuum is first formed in the tube (rendered evident by the 
rising of the liquid which closes it), but afterwards, as the silver solidifies, 
a large quantity of oxygen is evolved. When silver fused in the air is 
dropped into water, every drop gives off large bubbles of oxygen gas. A 
small quantity of copper diminishes the absorption of the oxygen, and 
2 or 3 per cent, stops it completely; lead and gold act in the same manner. 
(Gay-Lussac, Ann. Chim. Phys. 45, 221.) Silver at a white heat decom- 
poses aqueous vapour passed over it, liberating a small quantity of 
hydrogen and taking up oxygen, whereby it acquires the property of 
spitting. 

Silver boils only at the temperature produced by a burning mirror or 
by oxygen gas; it then rises in white fumes. In an open crucible it 
volatilizes gradually, even at an incipient white heat, losing about 1 per 
cent, in an hour; not, however, if it be covered with charcoal dust. 
(Lampadius, J. pr. Ghem. 16, 204.) 

Compounds of Silver. 
SILVER AND OXYGEN. 

A. Siiboxide of Silver. Ag 2 ? 

1. A solution of silver-oxide in aqueous ammonia deposits, on ex- 
posure to the air, a suboxido which exhibits a grey colour and strong 
lustre by reflected light, and when in thin layers, a bright yellow by 
transmitted light; it contains 108 silver to 5*4 oxygen, and when heated, 



SILVER-OXIDE. 139 

fuses, gives off oxygen, and is converted into metallic silver. (Faraday, 
Quart. J. ofSc. 4, 268 ; also Ann. Chim. Pkys. 9, 107.) 

2. The oxalate, mellitate, and citrate of silver-oxide, heated to 100, or 
a little higher, in a current of hydrogen gas/ are reduced to yellow or 
brown salts of the suboxide. The dark wine-red solution of citrate of 
stiboxide of silver in water yields, with potash, a black precipitate, which, 
after drying, acquires the metallic lustre by pressure. When heated, it is 
resolved into oxygen gas and metallic silver; with oxygen-acids, it is 
resolved into the oxide which dissolves, and metallic silver which remains 
behind. With hydrochloric acid it yields a brown powder, probably con- 
sisting of dichloride of silver; q.v. (Wohler, Ann. Pkarm. 30, 1; also 
Pogg. 46. 629.) 

B. SILVER-OXIDE. Ag(X 

Formation. 1. Silver does not oxidise either in dry or in moist air at 
any temperature below its boiling point; but when heated to that tem- 
perature in the air on charcoal by oxygen gas, or in Marcet's blowpipe, or 
the oxy-hydrogen blowpipe, it burns with a greenish light, depositing a 
brown powder on glass held over it. Silver-leaf made to close the circuit 
of the voltaic battery, or a wire through which the charge of a strong 
electric battery is passed, likewise burns with a greenish light. 2. Silver 
decomposes oil of vitriol tit the boiling heat, nitric acid at ordinary tem- 
peratures. It is less oxidized than platinum by fusion in the air in contact 
with nitre or with caustic potash. 3. Silver dissolves in a boiling solution 
of ferric sulphate, the product being ferrous sulphate and silver-sulphate, 
but separates out again in the metallic state on cooling; so that the ferric 
sulphate is reproduced : 

=2(FeO,SO 3 )+AgO,SO 3 . 



94.). If the air be not excluded, part of the silver remains in 
solution when the liquid is cooled, especially when a large quantity of 
free sulphuric acid is present; for part of the ferrous sulphate produced at 
the higher temperature is converted with especial rapidity when the 
acid is in excess into ferric sulphate, and can therefore no longer con- 
tribute to the precipitation of the silver on cooling. Moreover, ferric sul- 
phate, even in the cold, dissolves a small quantity of silver, which may be 
precipitated by common salt or green vitriol. The solution of the silver 
is particularly rapid and abundant when excess of sulphuric acid is pre- 
sent; for the ferric oxide, which has given up oxygen to the silver, then 
takes it up again with greater facility from the air. ( Wetzlar, Sckzv, 53, 94.) 
The silver which is precipitated on cooling is contaminated with basic 
sulphate of ferric oxide. The supernatant liquid contains ferric oxide, 
ferrous oxide, and silver-oxide in solution, and therefore yields a black 
precipitate with ammonia; blue, with ferricyanide of potassium; and 
white, with common salt. (A. Vogel, J. pr. Ghem. 20, 362.) 

Preparation. 1. By precipitating an aqueous solution of silver- 
nitrate with potash or baryta-water free from hydrochloric acid, washing 
the precipitate, and drying it at a gentle heat. 2. By boiling recently 
precipitated and still moist chloride of silver with excess of caustic 
potash, of sp. gr. from V25 to 1'3, and then washing and drying. 
(Gregory.) The chloride of silver must not be triturated in the mortar, 
because it then aggregates in lumps, and becomes more difficult to decom- 



140 SILVER. 

pose. The boiling must be continued till a sample taken out and washed 
dissolves completely in nitric acid; if this should not take place after ten 
minutes' boiling, the potash-ley must be poured off, the oxide triturated 
in a mortar which may now be done without injury and again boiled 
for five minutes, either with the old or with fresh potash-ley. In some 
cases, it is necessary to decant the liquid yet once more, again triturate 
the oxide, and boil a third time. The oxide is then washed three times 
by decantation with boiling water, then repeatedly with cold water, and 
lastly on the filter. (Gregory.) 

Properties. The oxide prepared by (1) is a brown powder, which 
when dried between 60 and 80 becomes nearly black; its specific 
gravity is 7 '143 (Herapath), 7 -250 (P. Boullay), 8-2558 (Karsten), it has 
a disagreeable metallic taste. (Proust, Bucholz.) When prepared by (2) 
it forms a soft, black or bluish-black powder. (Gregory.) 
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Decomposed by light or at a red heat into oxygen gas and metallic 
silver. Hydrogen gas reduces it to the metallic state, even at 100. 
(Wohler, Ann Pharm. SO, 4.) Gives up its oxygen to aqueous phos- 
phorous acid. In the recently precipitated state, it is decomposed by 
aqueous sulphurous acid, yielding metallic silver and soluble sulphate of 
silver-oxide; but the decomposition is not complete, even when heat is 
applied. (A. Vogel.) Under water it is reduced by zinc, cadmium, tin, 
and copper, but not by iron or mercury. (Fischer, Pogg. 10, 605.) In 
aqueous hypochlorous acid, it yields chloride of silver, oxygen gas, and a 
small quantity of chlorine. (Balard.) 

Combinations, a. With Water. Aqueous Silver-oxide. The oxide is 
slightly soluble in water, and imparts to it a metallic taste (Bucholz, 
Bdtr. 2, 5), and alkaline reaction (Fischer, Kastn. Arch. 9, 356.) The 
solution acquires a reddish colour when exposed to light, is rendered 
turbid by a small quantity of carbonic acid, and recovers its clearness on 
the addition of a larger quantity of that acid. (Wetzlar, Schw. 53, 102.) 

b. With Acids, forming the SALTS OF SILVER-OXIDE, or SILVER- 
SALTS. The affinity of silver-oxide for acids is greater than that of 
cupric oxide or zinc-oxide. The silver-salts are prepared by dissolving 
the metal in oxidating acids, such as sulphuric or nitric acid, or by 
'double decomposition. Silver-salts are generally colourless, unless they 
contain a coloured acid. The soluble salts do not redden litmus pro- 
vided the acid is saturated ; they have a strongly metallic taste, and act 
as acrid poisons. Those which contain volatile acids give them up at a 
red heat, and leave metallic silver; with carbonate of soda before the 
blowpipe, they all yield a metallic globule. With borax and micro- 
cosmic salt, they behave like oxide of silver. 
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The following substances precipitate silver from its solution in the 
metallic state: Phosphorus. A dilute solution of the nitrate is more 
rapidly reduced by this substance than a strong solution. Liquid 
sulphide of phosphorus throws down an olive-green, non-metallic 
powder. (Boeck.) Phosphoric oxide, on the contrary, throws down 
phosphide of silver and phosphate of silver-oxide. (Dulong.) The pre- 
cipitation takes place in the cold, and without evolution of hydrogen. 
(Wurtz.) Phosphorous add. Characters traced on paper with a solu- 
tion of silver become metallic in a bottle containing phosphorus and 
atmospheric air. (Grotthuss.) Phosphuretted hydrogen gas : 

8(AgO,NO 5 ) + PH 3 = 8Ag + PO 5 + 3HO + 8NO 5 . 

The bulky precipitate which this gas produces in a solution of nitrate or 
sulphate of silver-oxide is brown at first, but consists of metallic silver, 
and gradually assumes a metallic aspect; the liquid contains phosphoric 
. acid. (H. Hose, Pogg. 14, 184; 24, 338). Sulphurous acid. This sub- 
stance forms with silver-solutions a white precipitate, which turns grey 
on boiling; the remaining liquid, which still contains sulphurous acid, 
becomes turbid repeatedly when left to stand for some time, and yet 
retains silver in solution ; the precipitated silver is generally mixed with 
sulphide. (A. Vogel, J". pr. Chem. 29, 279.) Sulphite of ammonia 
throws down white sulphite of silver-oxide, which becomes covered, 
slowly at ordinary temperatures, but quickly on the application of heat, 
with a silver-shining film of metal. Sulphurous acid throws down white 
flakes, which soon turn yellowish, afterwards brown, and then contain 
sulphide of silver. A similar precipitation is produced by sulphite of 
potash, which, however, besides the white flakes, which afterwards turn 
brown, likewise produces black metallic-looking laminae of sulphide of 
silver. (Pleischl, Zeitschr. Phys. V. Wiss. 3, 106.) Zinc, cadium, tin, 
lead, iron, manganese, copper, mercury, bismuth, tellurium, antimony, 
arsenic. Lead and tin precipitate the nitrate solution most quickly; 
then follow the other metals in this order: cadmium, zinc, copper, bismuth, 
antimony, arsenic, mercury. (Fischer, Pogg. 6, 43.) Zinc immersed in a 
slightly acidulated silver-solution, becomes covered, from the beginning to 
the end of the precipitation, with black, moss-like silver, containing zinc; 
the deposit, however, assumes a lighter colour towards the edges, and, 
when detached by gas-bubbles, parts with the zinc which it contains, and 
turns white, but resumes its dark colour if again brought in contact with 
the zinc. If a neutral solution of silver be used, only the portions first 
precipitated are black; the subsequent portions are continually lighter in 
colour. (Wetzlar, Schw. 50, 98). According to Fischer, on the contrary, 
neutral solutions are disposed to yield alloys from beginning to end of 
the precipitation ; acid solutions, on the contrary, only towards the end. 
If the silver solution contains copper, the silver is nevertheless precipi- 
tated free from copper, the latter metal riot being reduced till after the 
silver. (Fischer.) Zinc reduces nitrate of silver-oxide in the dry state, 
and likewise in the state of aqueous or alcoholic solution, also the 
aqueous sulphate, and the carbonate and phosphate when immersed in 
water. (Fischer.) Cadmium reduces the same silver-salts as zinc. 
(Fischer.) Tin, immersed in an aqueous solution of silver-nitrate, throws 
down black metallic silver, together with a brown powder, at the same 
time colouring the liquid brown. From the alcoholic solution of the 
nitrate, tin precipitates but a small quantity of silver, and only on first 
immersion. It reduces the dry nitrate of silver oxide, the aqueous solu- 
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tion of tlie sulphate, and tlie carbonate and phosphate immersed in water. 
(Fischer.) Iron reduces the aqueous solution of the sulphate, and the 
carbonate and phosphate immersed in water. It does not reduce the 
alcoholic nitrate ; and in an aqueous solution of that salt, reduction takes 
place only where the iron projects above the liquid, or when it is 
dipped into an acid solution, then taken out and exposed to the air till 
it has become covered with ferrous nitrate, and again immersed. At a 
boiling heat, the aqueous nitrate is easily reduced by iron. (Fischer, 
Brandenburg,* comp. I. 370.. ..372) Manganese reduces silver but very 
slightly from the solution of the nitrate. (Fischer.) Tellurium acts very 
freely on the solution, and forms a black powder, which does not assume 
the metallic lustre nnder pressure. (Fischer.) Bismuth reduces the nitrate 
of silver-oxide dissolved in water or alcohol, and the carbonate when 
immersed in water, but not the aqueous sulphate. (Fischer,) Antimony 
reduces only the aqueous nitrate and the carbonate immersed in water, 
not the alcoholic nitrate or the aqueous sulphate. (Fischer.) Arsenic 
reduces the aqueous and alcoholic nitrate. Copper exerts a reducing 
action on the nitrate, both in the dry state and when dissolved in water 
or alcohol on the aqueous solution of the sulphate, and on the carbonate 
and phosphate immersed in water. (Fischer.) Silver precipitated by 
copper from the nitrate is pure at first, but the portions last thrown 
down are contaminated with copper, proceeding from galvanic action ; the 
copper, however, redissolves on immersion for some time in a solution of 
silver-nitrate. (Gay-Lussac, G-ilb. 72, 326.) Mercury, immersed in an 
aqueous solution of the nitrate or sulphate of silver-oxide throws down an 
amalgam of silver. From the alcoholic solution, it precipitates a black 
powder containing suboxide of silver; it also exerts a slight action on the 
carbonate and phosphate. (Fischer.) Brass and the alloys of silver with 
zinc, tin, and lead, likewise reduce silver-salts completely; palladium 
exerts no reducing action. (Fischer; vid. Fischer, Gill. 72, 289; Pogg. 
6, 43; 8, 488; 10, 607; 32, 503; 16, 126.) -[For the action of metals 
upon chloride of silver, chromate of silver-oxide, and the ammoniacal 
solutions of silver, see these compounds.] Uranous oxide. This oxide, 
prepared according to the second process described on page 159, vol. iv,~ 
but not that which is prepared by the third process decomposes a solu- 
tion of silver-nitrate without any evolution of gas, producing metallic 
silver and uranic nitrate. (Ebelmen, N. Ann. C/iim. Phys. 5, 219); 

AgO.NO 5 + 2UO = Ag + TJ a 3 ,NO s . 

Hydrated Manganous oxide. (Schnaubert, Von der Vemvandtscliaft, 
pp. 103, 106.) Alkalis added to a mixed aqueous solution of a silver- 
salt und a manganous salt, throw down a black mixture of silver and 
peroxide of manganese, which dissolves in acids, reproducing a silver-salt 
and a manganous salt. (Wohler, Pogg. 41, 344.) Ferrous Sulphate. 
From an aqueous solution of nitrate or sulphate of silver-oxide, green 
vitriol throws down a greyish-white, pulverulent precipitate of metallic 
silver (Keir), which redissolves on boiling. (Proust, Bucholz; comp. 
p. 139.) The precipitation is incomplete; a silver-solution mixed with 
green vitriol, and separated from the precipitated silver, still yields a 
precipitate of chloride of silver with common salt, and likewise a preci- 
pitate of metallic silver on further addition of green vitriol. (Wetzlar.) 
The precipitated silver is mixed with basic sulphate of ferric oxide, 
which remains behind on dissolving the silver in nitric acid. (Giese, 
A. Vogel.) ProtoMoride of Tin. The solution of this substance added in 
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small quantity to a silver-solution, throws down chloride of silver., which, 
on further addition of the tin-salt, is converted into brownish black, pul- 
verulent metallic silver. Organic Compounds. A solution of silver- 
nitrate, mixed with either volatile oils or charcoal, and exposed to sun- 
shine or raised to a boiling heat, yields a precipitate of metallic silver. 
(Kumford, Scher. J. 2, 3.) Boeck did not succeed in producing the pre- 
cipitation by charcoal at a boiling heat. Sugar, at a boiling heat, throws 
down a black powder, which appears to be a mixture of the metal and 
the oxide. (A. Yog el.) Tincture or infusion of galls (which does not 
act in the cold) yields on boiling, or after long standing, a black powder 
consisting of metallic silver. (Proust.) ^f Many organic substances 
mixed with ammouio -nitrate of silver, throw down metallic silver in the 
form of a beautiful specular film lining the sides of the vessel ; this effect 
is produced by aldehyde, saccharic acid, salicylous acid, and pyromeconic 
acid, and by various essential oils. Of the last-named substances, a 
mixture of oil of cinnamon and oil of cloves is found to produce by far 
the most brilliant speculum, and has lately been brought into use for 
silvering mirrors, in place of the ordinary process with tin and mercury; 
this process is particularly well adapted for curved surfaces. Grape- 
sugar likewise produces a very fine specular silvering in the course of 6 
or 12 hours in the cold, but in 2 or 3 minutes on the application of heat; 
the colour of the speculum is, however, darker than that produced by 
aldehyde, or by the mixed oils just mentioned. Cane-sugar also pro- 
duces a mirror with the aid of heat, but not without. Gum-arabic and 
starch produce a strongly coloured mirror after long boiling; phloriel- 
zine and salicine produce a similar effect. Oil of turpentine and bay-oil 
likewise produce specular deposits, but only from very strong solutions, 
and after a long time ; resin of guiacum acts in a similar manner. OF 
the two oils composing the oil of Jamaica pepper, the one which is 
heavier than water, and possesses acid properties, produces a specular 
film equalling in beauty that which is produced by the mixed oils of 
cloves and cinnamon ; the lighter oil, which is neutral, does not reduce 
silver, even after long boiling. The cinnamic, benzoic, meconic, comenic, 
tanmc, gallic and pyrogallic acids, the resins of benzoin, elemi and oliba- 
num, and oil of rosewood, and glycerine, were found by Stenhouse not to 
produce specular deposits. (Ann. Pharm. 54, 102.) Bolley (Jahrb. f. 
l j karm. 18, 384) finds that silver is easily thrown down from cupriferous 
solutions of its salts by cane-sugar, on the addition of caustic ammonia or 
potash, and the application of heat. The precipitate, which is metallic., 
may be washed first with hot water, and then with hot acetic acid. ^ 

Hydrosulphuric acid and .alkaline hydrosulphates, added to silver- 
solutions, throw down the whole of the silver in the form of a brownish- 
black sulphide. This precipitation takes place equally well if the silver- 
solution is previously saturated with ammonia. The precipitate is in- 
soluble in ammonia and in alkaline hydrosulphates. It shows itself 
down to the 20,000th degree of dilution of the silver-salt (Pfaff); in a 
solution containing 1 part of silver in 35000 parts of the solution. 
(Harting, J. pr. G/tem. 22, 52.) The recently precipitated sulphides of 
manganese, cadmium, iron,, cobalt, and nickel, likewise throw down 
sulphide of silver from silver-salts. (Anthon, J. pr. Chem*. 10, 353.) 
Hydriodic acid and aqueous metallic iodides throw down all the silver in 
the form of a pale yellow iodide. The precipitate is curdy when formed 
in strong solutions ; in a dilute solution it merely produces an opales- 
cence. Its colour deepens slowly when exposed to light. It is but very 
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sparingly soluble in excess of iodide of potassium, and not sensibly 
soluble in ammonia which, however, turns it whiter or in dilute nitric 
acid. The reaction with iodide of potassium has its limit in a solution 
containing 1 part of silver-oxide in 30,000 parts of liquid. (Harting.) 
I part of iodide of potassium dissolved in 500 parts of water, gives a 
yellow precipitate with silver-nitrate; in 5000 water a yellowish- white 
precipitate; in 50,000 water, a white turbidity; and in 500,000 water, a 
scarcely perceptible opalescence. (Baumann, N, Br. Arch. 29, 214.) 
Iodine likewise produces this precipitate. Hydrobromic acid and aque- 
ous metallic bromides throw down all the silver as a yellowish white 
bromide. This precipitate dissolves very sparingly in dilute, but freely 
in concentrated ammonia. Hydrochloric acid and aqueous metallic chlo- 
rides precipitate the silver completely in the form of chloride from all 
silver-salts excepting the hyposulphite. The precipitate is curdy when 
formed in strong solutions, but in case of great dilution, it shows itself as 
a milky opalescence in the liquid. It turus violet when exposed to 
light. It dissolves very easily in dilute ammonia, sparingly in concen- 
trated hydrochloric acid, aiid not at all in nitric acid. The opalescence 
shows itself, even when the silver-nitrate is 120,000 times diluted 
(Pfaff); with 1 pt. silver-oxide in 240,000 pts. of liquid. (Harting, J. 
pr. Ckem. 22, 52.) In a solution containing 1 pt. of silver in 200,000 
parts, hydrochloric acid or common salt produces a very slight turbidity; 
if the solution contains only.l pt. of silver in 400,000, the same reagents 
produce a scarcely perceptible opalescence, and if the proportion of liquid 
amounts to 800,000, the opalescence does not show itself for a quarter of 
an hour. (Lassaigne, J. Ckim. Med. 8, 583.) 1 part of common salt 
dissolved in 100,000 parts of water, still forms a cloud in a silver-solution. 
(Bostock, N. Gehl. 4, 551.) Chlorine likewise produces this precipitate. 
All insoluble silver-salts are converted into chloride of silver by immer- 
sion in aqueous solutions of metallic chlorides; if, however, they have 
been thoroughly dried, the change is not complete for several days. 
(Fischer, Schw. 53, 486.) 

A very small quantity of ammonia forms, with perfectly neutral 
silver-salts, a slight white turbidity, and a white granular precipitate, 
which turns black on exposure to light, and dissolves in a larger quantity 
.of ammonia, forming a clear solution. Acid silver-solutions form a per- 
fectly clear mixture with ammonia in all proportions. A silver-solution 
supersaturated with ammonia, gives a white precipitate with potash. (H. 
Rose.) All fixed alkalis throw down from silver-salts the brown oxide 
of silver. If the fixed alkali is contaminated with a metallic chloride, 
the precipitated silver-oxide will also be ^contaminated with chloride of 
silver. Monocarbonate or bicarbonate of potash or soda forms a white 
. precipitate of carbonate of silver-oxide ; so likewise does carbonate of 
ammonia, an excess of it, however, redissolving the precipitate. Ordi- 
nary phosphate of soda gives a yellow precipitate with silver-salts, 
according to Pfaff, down to the 10,000th degree of dilution. Pyrophos- 
phate and metaphosphate of soda precipitate them white. lodate and 
bromate of potash form white precipitates with silver-salts. Both these 
precipitates are easily soluble in ammonia. Chromate of potash throws 
down, from not very dilute solutions of silver-salts, a dark purple-red 
precipitate of chromate of silver-oxide. Arsenite of potash throws down 
egg-yellow arsenite of silver-oxide. A solution containing 1 part of 
silver- oxide in 6000 parts of liquid, still gives a perceptible yellow pre- 
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cipitate, and the reaction reaches its limit with 1 pt. of silver-oxide in 
20,000 parts of liquid. (Harting.) 

Oxalic acid throws down, from silver salts, a white, pulverulent 
oxalate of sil\ r er-oxide. Hydrocyanic acid and metallic cyanides pre- 
cipitate cyanide of silver, curdy in strong solutions, and producing an 
opalescence in the liquid when very dilute. Sulphocyanide of potassium 
forms a white precipitate of sulphocyanide of silver. Ferrocyanide of 
potassium forms a white, and ferricyanide of potassium a red-brown pre- 
cipitate. All silver-salts which are insoluble in water, dissolve in nitric 
acid and in ammonia. Silver-oxide forms double salts with many other 
salifiable bases, especially with ammonia. 

c. With Ammonia, forming Bertkollefs Fulminating Silver. 



C. Peroxide of Silver ? 

First noticed by Bitter. Deposited on the positive platinum wire 
when aqueous nitrate of silver-oxide is placed in the voltaic circuit. The 
silver-solution must be concentrated, otherwise nothing but oxygen is 
obtained at the positive pole; but even when a concentrated solution is 
used, oxygen gas is still evolved, so that, especially towards the end of 
the process, the quantity of silver deposited in the form of peroxide at 
the positive pole is not so great as that which is reduced at the negative 
pole. Grove's battery yields the peroxide more rapidly than an ordinary 
voltaic battery of 60 pairs; but the latter deposits it in a more distinctly 
crystalline form. (R. Wallquist, J> pr. Ghem. 31, 179.) 

Brittle, iron-black octohedrons, united in a series of prisms and needles 
(Wallquist); apparently tetrahedrons. (Grotthuss, Gilb. 61, 60; and Schw. 
28, 324.) 

Decrepitates in the flame of a candle and leaves metallic silver. 
(Grotthuss.) Detonates strongly when struck in contact with phosphorus 
or sulphur. (Grotthuss.) Aqueous hydrochloric acid converts it, with 
momentary evolution of chlorine, into chloride of silver. (Hitter.) With 
aqueous hypochlorous acid, it yields chloride of silver, oxygen gas, and a 
small quantity of chlorine. (Balarcl) In a solution of sal-ammoniac, it 
evolves gas and forms chloride of silver, part of which dissolves; and 
with a boiling solution (not with a cold solution) of common salt, it forms 
chloride of silver and free soda, the action being attended with evolution 
of gas. (Fischer.) It dissolves in aqueous ammonia with rapid evolution 
of nitrogen, forming argentate of ammonia. (Grotthuss.) Phosphoric and 
sulphuric acid dissolve it, with gradual evolution of oxygen, forming 
ordinary silver-salts. In nitric acid it dissolves unaltered. 

It was at one time universally supposed that this so-called peroxide 
of silver contained only silver and oxygen ; and Wallquist quite recently 
believed that he had determined its composition by analysis to be 87 '2 3 
per cent, silver, and 1277 oxygen, giving the formula AgO 2 ; Fischer, 
however, has obtained the following very different results regarding it. 

The peroxide prepared from nitrate of silver-oxide always contains 
nitric acid, and consequently, when heated, gives off yellow vapours with 
slight detonation; moreover, when pulverized and thoroughly washed 
with cold water, it still gives up nitrate of silver-oxide to hot water, but 
retains the property of giving off yellow vapours when heated. Similarly, 
the peroxide prepared from sulphate of silver-oxide, retains a portion of 
sulphuric acid; acid phosphate of silver- oxide, and likewise the acetate, 
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do not yield peroxide of silver in the voltaic circuit. The peroxide 
obtained from the sulphate is not distinctly crystalline, and does not 
decrepitate in the flame of a candle; in other respects, it is similar to that 
prepared from the nitrate. The amount of silver in the peroxide is. not 
so great as that given by "Wallquist, who probably did not heat it strongly 
enough to decompose the nitrate. (Fischer, liastn, Arck f Ifi, 215; also 
J. pr. Chem. 32, ]08.) Fischer's statement, so far as it relates to. per- 
oxide of silver obtained from the nitrate, is confirmed by the observations 
of G-melin. The needles, washed with water till the liquid gave no tur- 
bidity with hydrochloric acid, and after drying, gently heated in a white 
flask, gave off nitrous fumes, and cold water extracted from the residue, 
a large quantity of silver-nitrate. May not the crystals consist of nitrate 
peroxide of silver 1 



SILVER AND CARBON. 

A. CARBIDE OF SILVER. a. Ag 2 C. Silver, fused for three-quarters 
of a.n hour with lamp-black, takes up about 3 per cent, of carbon. 
(Gay-Lussac, Ann. Chim. Phys. 58, 223.) b. AgC. Remains in the 
form of a dull, yellow residue, containing 94' 48 p. c. silver, and 5-52 
carbon, when cuminate of silver-oxide is heated to redness in an open 
vessel; it undergoes no alteration by continued ignition. Dilute nitric 
acid dissolves it with separation of charcoal. (Gerhardt & Cahours.) 
2. When dicyanide of silver is strongly ignited, there remains a dull 
white, fused carbide of silver, the carbon of which burns only at the sur- 
face on ignition in contact with the air; when dissolved in nitric acid, it 
leaves a network of pure charcoal. (Liebig & Redteubacher, Ann. Pharm. 
38, 129.) c. AgC 2 . Aqueous pyroracemate of silver-oxide, heated for a 
long time in the water-bath, gives off carbonic acid, and deposits a grey 
powder, which acquires metallic lustre when rubbed on the burnishing 
stone; and after being well boiled with carbonate of potash, then washed 
with water and ignited in the air, leaves a residue containing 10*51 p. c. 
of carbon, and 89*49 of silver. The same salt when subjected to dry 
distillation, yields a grey carbide of silver, having the metallic lustre, and 
containing more than 1^ At., but less than 2 At. carbon to 1 At. silver. 
(Berzelius, Pogg. 3G, 28?) 2. Maleate of silver-oxide, heated till it defla- 
grates, leaves a grey, metallic carbide of silver, which may be freed from 
oily matter by washing with water containing caustic potash, and then 
with water acidulated with hydrochloric acid, and from chloride of silver 
by ammonia. By ignition in the air, it is converted into pure silver, 
amounting to 90'072 per cent. Nitric acid dissolves it, with separation 
of black flakes of charcoal. (Regnault, Ann. Pharm. 19, 153.) 

B. CARBONATE OF SILVER-OXIDE, or SILVER-CARBONATE. The state- 
ment of Selb, that this salt occurs in nature, has been disproved by 
Walchner. (Mag. Pharm. 25, 1.) -Oxide of silver absorbs carbonic acid 
from the air during washing and drying. (Fisher, Kastn. Arch. 9, 346.) 
The salt is prepared by precipitating nitrate of silver-oxide with mono- 
carbonate or bicarbonate of potash or soda, washing the precipitate with 
cold water, and drying it in the shade. The precipitate is white at first, 
but when the soluble salts are washed out, it. assumes a yellow colour. 
"When carbonate of potash is mixed with excess of a strong solution of 
silver-nitrate, the yellow precipitate is obtained at once. (Fischer.) 
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Yellow powder, of a paler colour than the phosphate. (Wetzlar, Sckw. 
53, 100.) Specific gravity, .6-0766. (Karsten.) Blackens readily when 
exposed to light, or when gently heated. (Fischer.) Easily converted 
into chloride of silver by aqueous hydrochloric acid or by dissolved 
metallic chlorides. (Wetzlar.) 

Setterberg. 

AgO 116 .... 84-06 .... 84-02 

CO 2 22 .... 15-94 .... 15-90 

HO .... .... 0-08 

AgO,CO 2 138 ~ 100-00 Z 100-00 

The salt examined by Setterberg was precipitated, either hot or cold, by 
bicarbonate of potash. 

SILVER AND BORON. 

BORATE OF SILVER-OXIDE, or SILVER-BORATE. Monobasic. Formed 
by precipitating a moderately dilute solution of silver-nitrate with a 
saturated solution of borax. The precipitate obtained is exactly the same, 
whether the borax be poured into the silver solution, or the latter into 
the borax, and whether the borax has or has not been previously ignited. 
If the solution be very dilute for instance, if the saturated solution of 
borax be diluted with 30 or 40 times its weight of water, its mixture with 
the silver-solution remains clear at first, and, even when the silver-salt is 
in excess, gradually deposits pure brown oxide of silver. B orate of 
potash, both in the state of concentrated and of dilute solution, produces 
the same reactions as 'borax under similar circumstances. Borate of 
ammonia, in the state of strong solution, produces a precipitate of borate 
of silver-oxide ; but in the dilute state, it does not throw down the pure 
oxide. White flakes, converted by drying into a white powder, which 
turns violet, and afterwards black when exposed to light, fuses at a gentle 
heat, and dissolves, without decomposition, in a considerable quantity of 
water. (H. Rose, Pogg. 10, 153.) Sexborate of potash likewise produces 
a white precipitate, soluble in a larger quantity of water. (Laurent, comp. 
Tunnermann, Iastn. Arch. 20, 28.) 

H. Rose. 

AgO 116-0 .... 76-92 .... 76-5 to 77*71 

BO 3 34-8 .... 23-08 .... 23-5 ,, 22'29 

AgO,BO 3 .... 150-8 .... 100-00 .... 100-0 lOO'OO 

SILVER AND PHOSPHORUS. 

A. PHOSPHIDE OP SILVER. 1. Formed by fusing 1 pt. of silver with 
2 parts of glacial phosphoric acid and -^ pt. charcoal. 2. By throwing 
phosphorus on melted silver. As the mixture solidifies, phosphorus is 
set free, and afterwards takes fire. (Pelletier.) 3. By fusing 12 parts of 
triphosphate of silver -oxide (3AgO,P0 5 ) with 1 part of charcoal, at a 
moderate red-heat. (Landgrebe, Schw. 60, 128.) The statement of 
Thomson and Landgrebe (Schw. 55, 96), that phosphide of silver may bo 
precipitated from a solution of the nitrate by phosphurettcd hydrogen, 
appears, according to H. Rose's experiments (p. 141), to be doubtful. 

By 1 and 2 : White, granular, semicvystalline ; may be cut with the 
knife, and breaks to pieces under the hammer. Contains 20 per cent, of 

L 2 
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phosphorus, which it gives off entirely when ignited in contact with the 
air. (Pelletier.) When prepared by the third process, it forms a loosely- 
aggregated, brittle mass, which is easily cut with the knife, exhibits a 
silvery lustre when rubbed with a file, and contains 33 "2 3 per cent, of 
phosphorus, of which it is partially deprived by fusion before the blow- 
pipe, and completely by fusion with carbonate of soda. (Landgrebe.) 

B. PHOSPHATE OF SILVER-OXIDE, or SILVER-PHOSPHATE. a. Triphos- 
phate. Silver-oxide, agitated with aqueous diphosphate of soda, deprives it 
of part of its phosphoric acid. (Wetzler, 8chw. 53, 100.) The salt is pre- 
pared by precipitating nitrate of silver-oxide with diphosphate of ammonia, 
potash, or soda. The supernatant liquid contains free nitric acid. (Ber- 
zelius, Mitscherlich.) 

3(AgO,N0 5 ) + 2NaO,cPO s = 3 AgO,cP0 5 + 2(NaO,NO 5 ) + NO 5 . 

(Schw. 49.) If triphosphatc of soda be used as the precipitant, the 
supernatant liquid remains neutral (Graham.) 

3(AgO,N0 5 ) + 3NaO,eP0 5 = 3AgO,cPO 5 + 3(NaO,N0 5 ). 

The precipitate carries down with it a small portion of silver-nitrate, which 
cannot be completely removed by washing; hence, it gives off a small 
quantity of nitrous fumes when heated. (Graham, Pogg. 32, 45.) Yellow 
powder, having a specific gravity of 7 -321 at 7 '5. (Strom eyer.) After dry- 
ing, it is perfectly anhydrous (Stromeyer), or contains only per cent, of 
water. (Berzelius.) Assumes a red-brown colour whenever it is heated. 
Fuses at a. red-heat like horn-silver. (Berzelius.) According to Stromeyer, it 
does not fuse even at a strong red-heat ; but in the blowpipe-flame, it melts 
into a dark brown liquid, which, on cooling, solidifies in a yellow mass. 
"When kept for a considerable time in a state of fusion, it is partly con- 
verted into pyrophosphate [with reduction of silver?], and is thereby 
rendered more fusible and paler. If heated in the inner cone of a spirit-- 
flame, it even becomes white on the surface after cooling. (Stromeyer, 
tSchw. 58, 126.) The salt blackens on exposure to light. It dissolves 
readily in aqueous phosphoric, nitric, or acetic acid, and in pure ammonia 
or carbonate of ammonia; less easily in nitrate and succinate of ammonia; 
and imperfectly in sulphate of ammonia. The solution of the salt in 
nitric acid yields crystals of silver-nitrate, and may be regarded as a 
mixture of that salt and free phosphoric acid. (Siiersen, JScher. J. 
8, 120.) 

Berzelius. Stromeyer. 

3AgO 348-0 .... 82-97 .... 82'975 .... 83'455 

cPO 5 71-4 .... 17-0.--5 .... 17'025 .... 16'545 

3AgO,cPO 5 419-4 .... 100-00 ~. 100*000 ~ lOO'OOO 

b. Acid Phosphate. The yellow solution of the salt a in aqueous 
phosphoric acid. When evaporated, it first yields crystalline grains, 
which appear to consist of the salt a; then, if left to spontaneous evapo- 
ration, it deposits white, feathery crystals, which appear to be the 
diphosphate (2AgO, HO,cP0 5 ), but are immediately converted into the 
salt a by contact with water. A solution of silver-nitrate mixed with a 
large quantity of ordinary phosphoric acid, still yields these crystals on 
evaporation at a gentle heat. (Berzelius, Ann. Chim. Phys. 2, 163.) 

If. Schwarzenberg did not succeed in obtaining crystals by this pro- 
cess; but on evaporating the solution to a syrupy consistence, and mixing 
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it with ether, great heat was evolved, and a white crystalline powder sepa- 
rated, which was washed with ahsolute alcohol, to remove the free phos- 
phoric acid adhering to it. It blackened on exposure to light, and was 
decomposed by water, yielding the yellow triphosphate and free phos- 
phoric acid. It gave no water at 100, but at 170 evolved 2*87 percent, 
of water, and was converted into the pyrophosphate. 





232-0 


74-26 


dried at 100. 
Schwarzenberg. 
73*45 


HO: :. 


9-0 


2'88 


3*03 


PO 5 


71-4 


22-86 


23*52 











2AgO,HO,PO 5 .... 312-4 .... 100*00 .... 100*00 

The salt probably still contained free phosphoric acid. (Schwarzenberg, 
Ann.Pharm. 65, 162.) IT. 

C. PYROPHOSPHATE OP SILVER-OXIDE, or SILVER-PYROPHOSPHATE. 
a, Bibasic. Formed by precipitating nitrate of silver-oxide with dipyro- 
phosphate of soda. The supernatant liquid is neutral. (Clark, Schw. 

57, 421.) : 

2(AgO,NO 5 ) + 2NaO,P05 = 2AgO,6P0 5 + 2(NaO,N0 5 ). 

At the first instant of precipitation, the precipitate appears to contain 
combined water, but soon parts with it, (Stromeyer.) Nitrate of silver- 
oxide added to an aqueous mixture of ordinary phosphate and pyrophos- 
phate of soda, throws down first the yellow salt, and afterwards the white. 
(Stromeyer.) 

White powder, of sp. gr. 5*306, at 75 j contains no water. Fuses 
somewhat below a red-heat, without any decomposition, and forms a dark 
brown, liquid, which on cooling, solidifies in a white, radiated mass. 
Assumes a reddish colour on exposure to light. When boiled with 
ordinary diphosphate of soda, it is immediately decomposed, yielding 
ordinary yellow triphosphate of silver-oxide, and aqueous pyrophosphate 
of soda. [Probably in this mariner ? 

3(2AgO,iPO- ri ) -I- 2(2NaO,cPO 5 ) = 2(3AgO,cP0 3 ) + 2(NaO,&PO 5 ) + 2NaO,flP0 5 . 

According to this, the water should contain both monopyrophosphate and 
dipyrophosphate of soda.] The salt dissolves readily in cold nitric acid; 
but when boiled with either nitric or sulphuric acid, it is converted into 
the ordinary phosphate, so that the solution gives a yellow precipitate on 
the addition of ammonia. Aqueous hydrochloric acid converts it into 
chloride of silver and free phosphoric acid. It dissolves with tolerable 
facility in ammonia, and is thrown down unchanged by acids. Insoluble 
in acetic acid, and not altered by boiling with water. (Stromeyer, Schw. 

58, 126.) Insoluble in solutions of the pyrophosphates ; very slightly 
soluble in silver-nitrate. (Schwarzenberg.) 









Berzelius. 


Stromeyer. 


Schwartzenberg. 


2AgO 


232-0 .. 


.. 76-47 .. 


.. 76-35 


,.. 75-39 .. 


.. 76*23 


6PO r > 


71*4 .. 


.. 23-53 .. 


.. 23-05 , 


... 24-61 .. 


.. 23-77 



2AgO,fiPO* 303-4 .... 100-00 .... 100*00 .... 100-00 .... 100-00 

D. MKTAPIIOSPIIATE OF SILVER-OXIDE, or SILVER METAPHOSPIIATE. 
a. Sesquibasic. The monobasic metaphosphate of silver-oxide 6, immersed 
in boiling water, while recently precipitated and still moist; or the powder 
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introduced into cold water, and gradually raised to the boiling heat, fuses 
quickly into a grey viscid mass, having the consistence of turpentine, and 
capable of being drawn out into threads; it must be washed with cold 
water. A small quantity of the monobasic salt remains undecomposed in 
the middle of the mass; the hot water, when poured off and evaporated, 
deposits a white crystalline crust of monobasic salt. The salt is solid 
after cooling, and fuses alone less easily than under water. It is gradually 
decomposed by the continued action of boiling water. (Berzelius, Pogg. 

19, 331.) 

Berzelius. 

3AgO ........................ 348-0 .... 70-90 .... 69-58 

2aP0 5 .................... 142-8 .... 29-10 .... 30-42 

3AgO,2cPO 5 ............ 490-8 ~ 100-00 ~. lOO'OO 

b. Monobasic. Formed by mixing a solution of silver-nitrate with an 
aqueous solution of recently ignited phosphoric acid, prepared with ice- 
eold water (Berzelius), or with a solution of mono-metaphosphate of soda. 
(Graham.) The gelatinous flakes must be washed with a small quantity 
of cold water. The white, pulverulent salt becomes soft and semi-fluid at 
100, and at a somewhat higher temperature, fuses into a transparent and 
colourless liquid, which on cooling solidifies in the form of a crystalline 
glass, and then flies to pieces. Cold water slowly takes up part of its 
acid, but boiling water slowly resolves it into an acid solution and the 
salt a. (Berzelius.) 

Berzelius. 
AgO ........................ 116-0 .... 61-90 .... 64-52 

71-4 .... 38-10 .... 35-48 



AgO,<zPO 5 ............ 187-4 .... 100-00 .... lOO'OO 

As the salt had lost some of its acid during washing, it gave rather too 
much oxide of silver by analysis. (Berzelius.) 

^T. A crystallized metaphosphate, containing 2 At. water of crystal- 
lization to 3 At. base and 3 At. acid, has been obtained by Fleitmann and 
Henneberg, by mixing the solution of the corresponding soda-salt with a 
very large excess of silver-nitrate. When this salt is fused, the water 
escapes with intumescence. 

Fleitmann & Henneberg. 
3AgO ............................... 348 .... 59-80 .... 58*62 

SaPO 5 ............................ 216 .... 37-11 .... 38-21 

2HO ........................ ........ 18 .... 3-09 .... 3-17 

3(AgO^PO 5 )+2Aq ..... 5^2 ~ lOO'OO ~ 100-00 

The salt does not alter in weight when left over sulphuric acid. When 
heated in the water-bath it gives discordant results, in consequence of a 
peculiar decomposition which it undergoes; for when about half the water 
has gone off, the salt acquires an acid reaction, becomes soft, and on sub- 
sequent exposure to the air, takes up more than 3 per cent, of water, 
which it gives up again at 100, appearing to be thereby converted into 
the ordinary metaphosphate b. This salt is distinguished by the great 
permanence of its solution in cold water. It may be obtained in crystals 
from a solution strongly acidulated with nitric acid. In preparing this 
compound, it is necessary to use a very large excess of the silver-nitrate; 
otherwise crystals are obtained, consisting of a double metaphosphate of 
silver-oxide and soda. (Fleitmann & Henneberg, Ann. Pharm. 65, 310.) 
According to Fleitmann, silver-oxide fuses very easily with excess 
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of phosphoric acid, forming a clear glass, from which a crystalline salt 
slowly separates on cooling. This salt consists of small shining, crystal- 
line scales, perfectly insoluble in water. When treated with sulphide of 
sodium, they yield ordinary deliquescent metaphosphate of soda. (Ann. 
Pharm. 72, 246.) IT. 

Acid Metaphosphate. 1 . The aqueous solution produced by boiling 
the salt b with water. 2. Silver-crucibles in which phosphoric acid is 
fused are attacked by it, phosphide of silver and acid phosphate of silver- 
oxide being produced. (Bucholz.) 

Fleitmann and Henneberg have likewise obtained the compounds 
6AgO,4P0 5 and 6AgO,5P0 5 , by double decomposition with the corre- 
sponding soda-salts. (Ann. Pharm. 65, 330.) 



SILVER AND SULPHUR. 

A. SULPHIDE OF SILVER. Occurs in nature in the form of Silver- 
glance. Formed by heating . silver-plates arranged in alternate layers 
with sulphur, or by fusing silver with potash-liver of sulphur, and 
exhausting with water. Precipitated in black -brown flakes on treating 
silver-oxide or silver-salts with hydrosulphuric acid or alkaline hydrosul- 
phates. Obtained by Becquerel in octohedrons by the galvanic process 
(I. 402.) Forms the yellow, and afterwards brown film, with which silver 
vessels become tarnished when exposed to the sulphurous exhalations 
proceeding from the human body, from sewers, &c. (Proust.) The native 
sulphide crystallizes in the forms shown in figures 1, 2, 3, 4, 5, 8, 10, and 
11. Sp. gr. 7*0. The artificially prepared sulphide has a density of 
6*8501. (Karsten.) Both the natural and artificial varieties are malleable, 
of a blackish grey colour, and very fusible. 

Vauquelin. Berzelius. Wenzel. Klaproth. 

native. 
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12-968 .. 


.. 14-5 .. 


.. 15 



AgS 124 .... 100-000 .... 100-00 .... lOO'OOO .... lOO'O .... 100 

When heated in the air, it is resolved into sulphurous acid gas and 
metallic silver; when it is roasted at a gentle heat, a small quantity of 
sulphate is likewise produced. (Larranaga, Glib. 22, 304.) When fused 
with iron, it yields sulphide of iron and metallic silver; with lead, the 
products arc sulphide of lead and an alloy of lead and silver. Heated 
to redness in hydrogen gas, it forms sulphuretted hydrogen and metallic 
silver. (H. Rose.) Heated to redness in a current of aqueous vapour, it 
yields sulphuretted hydrogen, and becomes partially covered with metallic 
silver. (Ilegnault.) Not decomposed by chlorine gas in the cold, very 
slowly when heated. (H. Eose, Fogg. 42, 540.) In this reaction, 100 
parts of sulphide of silver yield ll5'43 chloride [or 124 yield 143'13l 
(Fellenberg, Pogg. 50, 7"2.) Dissolves in tolerably strong sulphuric acid, 
with separation of sulphur. Not decomposed by aqueous protochloride of 
copper. (Boussingault.) If, however, the copper-solution contains common 
salt, the sulphide of silver becomes converted into chloride of silver and 
sulphide of copper. 100 parts of sulphide of silver treated in this manner 
for a few days, yield 146 parts of a mixture of chloride of silver and sul- 
phide of copper. In the first instance, half of the sulphide of silver acts 
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upon the protochloride of copper, forming chloride of silver, free sulphur, 
and dichloride of copper, which remains dissolved in the common salt: 
AgS + SCuCl = AgCl + S + Cu 2 Cl. 

Afterwards, the dissolved dichloride of copper and the other half of the 
sulphide of silver, form chloride of silver and disulphide of copper : 

AgS 4- Cu 2 Cl = AgCl + Cu-S- 

Hence, sulphide of silver likewise undergoes decomposition in a solution 
of dichloride of copper in common salt. (Boussingault, Ann. Chim. Pfiys. 
51, 350.) [The calculation given by Boussingault for the latter half of 
this reaction leads to the supposition that protosulphide of copper is pro- 
duced together with the chloride of silver, although disulphide of copper 
must nevertheless he formed.] Sulphide of silver is insoluble in aqueous 
ammonia. Tt is only when precipitated in company with chloride of 
silver, that it partly dissolves together with the latter. (Gredy, Compt. 
rend. 14, 757.) It is insoluble in aqueous sulphurous acid (Berthier), and 
in solution of mercuric nitrate (Wackenroder). 

B. HYPOSULPHITE OF SILVER-OXIDE, or SILVER-HYPOSULPHITE. 
When a dilute neutral solution of silver-nitrate is dropped by small quan- 
tities at a time into dilute hyposulphite of potash, the white turbidity at 
first produced disappears again on agitation; as the quantity of silver- 
solution is increased, grey flakes are produced, and the supernatant liquid 
acquires a very sweet taste, arising from dissolved hyposulphite of silver- 
oxide, and is 110 longer precipitable by common salt, but gives a precipitate 
with sulphuretted hydrogen. When a still larger quantity of the silver-solu- 
tion is added, the precipitate suddenly turns brown, and is afterwards con- 
verted into black sulphide of silver; and the supernatant liquid no longer 
tastes sweet, but gives a precipitate with common salt. If the solution of 
hyposulphite of potash be mixed at once with the quautity of silver- 
solution required to decompose it, the precipitate, which is white at first, 
soon passes through pale yellow, greenish yellow, yellowish brown, and 
red-brown, into the brown-black colour of sulphide of silver. A solution 
of the potash-salt, which contains only 1 pt. of hyposulphurous acid in 
97*800 of water, still assumes a brown tint in a few minutes, when mixed 
with a solution of silver. 

The salt is prepared by adding a moderately dilute solution of silver to 
an excess of tolerably concentrated hyposulphite of potash washing the 
precipitated grey mixture of hyposulphite and sulphide of silver with cold 
water on a filter extracting the hyposulphite of silver-oxide with am- 
monia precipitating it from the solution by exact neutralization with 
nitric acid and drying it as quickly as possible by pressure between paper. 
Snow-white powder, having a sweet taste. Slightly soluble in water. 
(Herschel, Edinb. Phil. J. 1, 26; 2, 154.) Easily decomposed into sul- 
phuric acid and sulphide of silver. (H. Rose.) : 

AgO,S 2 2 = AgS + SO 3 . 

Hyposulphite of silver -oxide combines with other hyposulphites, 
forming Double Silver-hyposulphites. The hyposulphites of silver-oxide 
and the alkalis are obtained by dissolving one of the following substances 
in an alkaline hyposulphite : viz. hyposulphite of silver-oxide, or the pure 
oxide (in which case a portion of the alkali is set free), or a salt of silver- 
oxide, or chloride of silver, in which cases, another alkali-salt is formed at 
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the same time. These salts may be precipitated from their aqueous solu- 
tions by alcohol, and washed with the latter liquid. They taste very 
sweet, and are decomposed by a moderate heat; hence they must be dried 
in vacuo over oil of vitriol at ordinary temperatures. (Herschel.) 

*fT B'. PENTATHIONATE OF SILVER-OXIDE. Nitrate of silver-oxide, 
added to a solution of pentathionic acid, forms a yellow precipitate, 
which soon turns black from decomposition. (Kessler, vid. II, 164.) ^ 

C. TETRATHIONATE OF SILVER-OXIDE. Tetrathionic acid forms, with 
solution of silver, a white precipitate, which in a few seconds turns 
yellow and then black, (Fordos & Gelis.) 

D. TRITHIONATE OF SILVER-OXIDE. The yellowish white precipitate 
produced by trithionic acid, quickly turns black in consequence of the 
formation of sulphide of silver and sulphate of silver oxide. (Langlois.) 

E. SULPHITE OF SILVER-OXIDE, or SILVER-SULPHITE. Formed by 
precipitating a solution of the nitrate by aqueous sulphurous acid, not in 
excess, or by an alkaline sulphite. Even the free acid throws down 
nearly all the silver. (Berthier.) An excess of the acid exerts a decom- 
posing action (Muspratt), and the precipitate is converted into metallic 
silver when left for a long time in the liquid, or immediately on boiling. 
(H. Rose, Pogg. 33, 240.) An excess of the alkaline sulphite would re- 
dissolve the precipitate. (H. Rose.) White granular precipitate. (Ber- 
thier.) It resembles chloride of silver, contains no water, and has an 
unpleasant taste. (Muspratt, Ann. Pharm. 50, 286.) The salt., when 
exposed to the air [and light ?], becomes dark purple, and afterwards 
black. (Muspratt.) When heated to 100 J , either alone or under water, 
it is resolved in sulphate of silver-oxide and metallic silver. (Berthier.) 
[At the same time, perhaps, sulphurous acid is set free : 

2(AgO,SO 2 ) = Ag + AgO,S0 3 + SO 2 ]. 

The decomposition is quicker and more complete if the water contains a 
small quantity of sulphite of potash. (Berthier.) Even the presence of 
sulphurous acid in the water favours the decomposition. (Muspratt.) 
The salt gives off sulphurous acid at a temperature short of commencing 
redness, and leaves a residue of silver, together with sulphate of silver- 
oxide, which, at a higher temperature, is resolved into silver, oxygen 
gas, and sulphurous acid. The residual silver amounts to 73*62 per cent. 
(Muspratt.) The sulphurous acid is expelled from the salt by stronger 
acids, but not by acetic acid. (Berthier, N. Ann. Chcm. Phys. 7, 82.) 
The salt is insoluble in water, according to Berthier ; very slightly, 
according to Muspratt j it scarcely dissolves in aqueous sulphurous acid, 
but easily in ammonia. (Berthier.) It dissolves in aqueous alkaline 
sulphites, forming double salts which easily decompose. 

Muspratt. 

AgO 116 .... 78-38 .... 79-02 to 77'76 

SO 2 32 .... 21-62 

AgO,S0 2 .... 148 ~. 100-00 

F. HYPOSULPITATK OP SILVER-OXIDE, or SILVER-HYPOSULPIIATE. 
Formed by dissolving the carbonate of silver-oxide in aqueous hyposul- 
phuric acid. Crystalline system the right prismatic. Fig. 66, a : a' = 
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127; a : a backwards = 126 ; a : y = 153 30'; a : the face between 
a and t = 161 36'; a:w = 129 35'; tt:m = 135 26'j w:=i34 
34'. The crystals are permanent in the air; blacken when exposed to 
light; and are resolved by heat into a grey powder, which, when dis- 
solved in boiling water, leaves a small residue of sulphide of silver. 
Soluble in 2 parts of water at 16. (Heeren.) 

Crystallized. Heeren. 

AgO 116 .... 56-31 .... 56-15 

S-O 5 72 .... 34-95 

2HO 18 .... 8-74 

AgO,S 2 O 5 + 2Aq. 206 ~. 100 00 

G. SULPHATE OF SILVEK-OXIDE, or SILVER-SULPHATE. Formed by 
boiling silver-filings with 1^ pt. of oil of vitriol, the action being attended 
with evolution of sulphurous acid. 2 . By dissolving the oxide or car- 
bonate of silver in dilute sulphuric acid. 3. By mixing a solution of the 
nitrate with sulphuric acid, and evaporating to dryness. 4. By pre- 
cipitating the nitrate with Glauber's salt, and washing the precipitate 
with a small quantity of cold water. The finest crystals of this salt are 
obtained from its solution in nitric acid. (Mitscherlich.) White crystals, 
belonging to the right prismatic system; very small, and shining; they 
contain no water. They are isomorphous with anhydrous sulphate and 
seleniate of soda, permanganate of baryta, and seleniate of silver-oxide. 
Fig. 59, a : a" = 136 20'; a :a'zz:125 11'. (Mitscherlich, Pogg. 12, 138; 
25, 301.) Specific gravity 5'341. (Karsten.) It requires a very high 
temperature to decompose it, being then resolved, after previous fusion, 
into metallic silver, sulphurous acid, and free oxygen. (Gay-Lussac.) 
When mixed with charcoal, it is decomposed at a dull red-heat, yielding 
metallic silver, and a mixture of carbonic arid sulphurous acid gases in 
equal volumes. (Gay-Lussac, J. pr. Chem. 11, 70.) Soluble in 87 parts 
of water, and in a smaller quantity of nitric acid. It dissolves more 
abundantly in oil of vitriol, and is partly precipitated from the solution 
on the addition of water. (Schnaubert. Von der Verwandtschaft, 65.) 

AgO 116 74-36 

SO 3 40 25-64 

AgO,S0 3 156 100-00 

The following reaction of silver with sulphuric acid deserves more 
minute examination : Of a silver plate weighing 20 grains, and placed in 
a stoppered bottle with 2 drains of anhydrous sulphuric acid at ordinary 
temperatures, 6 grains dissolve without any evolution of sulphurous acid, 
and form a transparent brown liquid. The action of the anhydrous acid 
on the silver begins immediately, and the solution blackens the fingers, 
like other silver solutions, ruining oil of vitriol likewise dissolves silver 
in the cold ; and even common English oil of vitriol does the same, if 
previously concentrated by boiling. (A. Vogel, Kastn. Arch. 16, 108.) 

H. SULPIIOCARBONATE OP SILVER. Aqueous sulphocarbonate of 
calcium mixed with nitrate of silver-oxide, forms a dark brown pre- 
cipitate, which dissolves in excess of the calcium-salt, yielding a dark 
brown solution. The precipitate, after drying, is black, shining,, and 
difficult to pulverize; and when distilled, gives off a large quantity of 
sulphur with a small quantity of sulphide of carbon, and leaves sulphide 
of silver mixed with charcoal. (Berzelius.) 
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I. SULPHIDE OF PHOSPHORUS AND SILVER. a. Hypomlphopliospliite 
of Silver. a. Bibasic. 2AgS,PS. Formed by igniting b or c. Dark 
brown powder. j3. Monobasic. Silver reduced from the chloride by zinc 
and hydrochloric acid, then washed with hydrochloric acid and after- 
wards with water, and dried at the ordinary temperature ; is moistened 
.with protosulphide of phosphorus in the bulb-apparatus already described. 
(II, 213 and V, 26), and very gently heated in a stream of hydrogen gas. 
Combination takes place, attended with evolution of heat; and a sulphide 
of phosphorus containing a larger proportion of the latter element 
volatilizes ; the rest of the excess of sulphide of phosphorus is removed 
by gentle heating in the current of hydrogen. If the silver is dried at a 
higher temperature, even at 60, its greyish colour changes to silver- 
white, and it no longer combines so completely with the sulphide of 
phosphorus; so that spangles of silver remain mixed with the compound. 
Sulphide of silver previously prepared, likewise combines, but very im- 
perfectly, with sulphide of phosphorus. The compound is black in mass, 
and yields a dark violet-brown powder. Heated to low redness in a 
retort, it changes to a pasty liquid, then gives off protosulphide of phos- 
phorus with strong intumescence, and leaves a residue of sulphide of 
silver. (Berzelius, Ann. Pkarm. 46, 254.) 

Berzelius. 

Ag 108-0 .... 63-01 .... 63-76 

P 31'4 .... 18-32 .... 18-00 

2S 32-0 .... 18-67 .... 18-25 

AgS.PS 171-4 ~ 100-00 Z 100-01 

b. SulphopJiosphite of Silver. When finely-divided silver is heated 
with sulphur and phosphorus in a current of hydrogen gas, combination 
takes place with the greatest violence, the greater part of the excess of 
phosphorus being volatilized : the rest must be driven off by heating the 
product in a stream of hydrogen. Grey mass, easily reduced by tritura- 
tion to a light yellow powder, containing a few metallic spangles. 
Heated to commencing redness in a retort, it gives off sulphur, and leaves 
the dark brown compound I, a, a. Dissolves very readily in nitric acid, 
without separation of sulphur. (Berzelius.) 

Berzelius. 

2Ag 216-0 .... 65-98 .... 66-30 

P,'... 31-4 .... 9'59 .... 8-24 

5S 80-0 .... 24-43 .... 25-48 

2AgS.PS 3 327-4 .... 100-00 .... 100'02 

c. Sulpliophosphate of Silver. 2AgS,PS 5 . When the compound a, 13 
(4AgS,PS) is gently heated with 4 atoms of sulphur, the whole melts; 
half of the resulting pentasulphide of phosphorus volatilizes; and, on 
cooling, there remains a brownish orange-yellow mass, which yields a 
deep yellow powder, and, when ignited out of contact of air, gives off 
sulphur, and is converted into 2AgS,PS. (Berzelius.) 



SILVER AND SELENIUM. 

A. PROTOSELENIDE OF SILVER. Found native in combination with a 
small quantity of selenide of lead. Silver fuses readily with selenium. 
It is blackened by selenium vapours, selenious acid, and seleniuretted 
hydrogen. The last-mentioned substance forms, with silver-nitrate, a 
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black precipitate/ which becomes dark grey when dry, and when heated 
to redness, fuses without giving off selenium, and forms a silver-white, 
somewhat ductile globule. This compound does not part with the whole 
of its selenium when heated in the air for any length of time not even 
when fused with borax, alkalis, or iron, which last, however, enters into 
combination with the selenide of silver, forming a dark grey, granular 
compound. Selenide of silver dissolves in boiling nitric acid, forming a 
solution of selenite of silver-oxide, which separates in the crystalline 
form on cooling, and in the pulverulent form when mixed with water. 
(Berzelius.) 

Native selenide of silver occurs in thin plates with the cleavage-planes 
of the cube; its specific gravity is 8'00. It is harder than rock-salt, 
malleable, but less so than sulphide of silver; opaque, with a strong lustre; 
iron-black, and produces a streak of the same colour. When fused in a 
glass flask, it yields a scanty sublimate of selenium, and above that a sub- 
limate of selenious acid. On charcoal, in the outer blowpipe flame, it fuses 
quietly; in the inner, with intumescence, and becomes red-hot again as it 
solidifies. Heated on charcoal with carbonate of soda, it yields a metallic 
globule, which, on cooling, becomes covered with a black film; but, on 
the addition of borax, is reduced to the state of pure silver, which remains 
bright. Dissolves very slowly in dilute nitric acid, but with tolerable 
facility in the fuming acid. (4. Rose, Pogg. 14, 471.) 



A* 


Artificial. Berzelius. 
108 .. 72-97 ^3-16 13-^g 


Native. 
1404 .... 67-80 .. 
104 .... 5-03 .. 

560 '.'.'.. 27*08 !. 


G. Rose. 
.. 65-56 
.. 4-91 
trace 
.. 25-93 


Se 


40 .... 27-03 .... 26-84 Pb 




Fe 
14Se.... 



AgSe .... 148 .... 100-00 .... lOO'OO 2068 .... 100*00 .... 96-40 

B, BISELENTDE OF SILVER. To form this compound, selenide of silver 
precipitated by seleniuretted hydrogen is heated with excess of selenium, 
and the too great excess is removed by heating the product out of con- 
tact of air. Grey, somewhat malleable ; fuses below a red-heat, forming 
a mass with specular surface. When ignited out of contact of air, it does 
not give off selenium; but if the air has access to it, half the selenium 
goes off, and the compound A remains. 

Calculation, according to Berzelins. 

Ag 108 .... 57-49 

2Se 80 .... 42-51 



AgSe 2 188 .... 100-00 

C. SELENITE OF SILVER-OXIDE, or SILVER-SELENITE. AgO,Se0 2 . . 
Selenious acid added to nitrate of silver-oxide, throws down the mono- 
selenite in the form of a white powder. The same salt crystallizes in 
needles from a nitric acid solution diluted with hot water. It is not 
blackened by light. Fuses almost as easily as horn-silver, forming a clear 
liquid, which, on cooling, solidifies in a white, opaque mass, friable, and 
having a crystalline fracture. When more strongly ignited, it gives off 
selenious acid and oxygen gas, and becomes covered with metallic silver. 
Dissolves very sparingly in cold water, somewhat more freely in hot 
water, and easily in nitric acid, from which it may be precipitated by cold 
water. (Berzelius.) 



SeO* 56 .... 32-56 .... 32-71 

AgO,SeO 3 .... 172 Z 100-00 ~ 100-00 

D. SELENIATE or SILVER-OXIDE, or SILVER-SELENPATE. Crystal- 
lizes in the same form as the sulphate. Fig. 59. a: a" = 135 42' ; 
,a :a ! = 123 30'. (Mitscherlich.) 

SILVER AND IODINE 

A. IODIDE OF SILVER. Found native. Formed when silver and 
iodine are heated together; also as a precipitate, on mixing a dissolved 
silver-salt with hydriodic acid or an aqueous metallic iodide. Pale 
yellow; turns brown on exposure to light, but less quickly than the 
chloride; fuses at a low red heat, forming a red liquid, which solidifies 
as a soft mass on cooling. (H. Davy,) The solidified mass is of a dirty 
yellow colour, opaque, and has a granular fracture, (Berzelius.) Sp. gr. 
5*0262 (Karsten); 5'614 (Boullay). Assumes a deep yellow colour 
when heated. When paper is saturated with a solution of silver, and 
then with a dilute solution of iodide of potassium, the precipitated iodide 
of silver imparts to -the paper a pale yellow colour, which becomes darker 
when heated, but resumes its original pale colour on cooling, even when 
touched with the cold finger. Any part of the paper moistened with 
potash turns white, and remains white when heated; similarly with 
ammonia, excepting that the latter gradually evaporates, and conse- 
quently the dark colour is produced on the application of heat. (Talbot, 
PhiL Mag. J. 12, 258; also Pogg. 46, 326,) The experiment may be 
better made upon porcelain, inasmuch as the paper easily burns away. 
(Erdmann, J. pr. Ghem. 14, 123.) Volatilizes before the blowpipe, pro- 
ducing a green flarne, and a white, penetrating smoke, and leaving only 
a small quantity of silver on the charcoal. Fused with hydrate of potash, 
it yields metallic silver, iodide of potassium, and oxygen gas. (H. Davy.) 
Zinc and iron, when water is present, separate metallic silver from the 
iodide; antimony and bismuth have no action upon it, even on boiling; 
aqueous potash or soda gives it a brownish colour, and decomposes it 
imperfectly; carbonate of potash or soda alters its colour, but slightly, 
and the carbonates of baryta, strontia, and lime, as well as pure strontia, 
lime, and baryta do not act upon it in the humid way. Iodide of silver, 
exposed to a current of chlorine gas at ordinary temperatures, turns 
white, takes up chlorine, and then, on the application of a gentle heat, 
gives off its iodine. In this reaction, 234 pts. (1 At.) of iodide of silver 
yield from ]42'5 to 143'3 and 145'5 of chloride. (Berzelius, Pogg. 14, 
558.) Strong nitric or sulphuric acid expels iodine from it, and converts 
it into nitrate or sulphate of silver-oxide ; on the addition of water, part 
of the iodine is restored to its place. Dilute sulphuric acid has no action 
on iodide of silver; neither has phosphoric acid. (Brandes, Schw. 61, 
255.) A solution of mercuric nitrate dissolves iodide of silver. (Preuss.) 
Aqueous ammonia causes iodide of silver to assume a paler colour, and, 
according to H. Rose (Pogg. 31, 583), dissolves a trace of it. 1 part of 
iodide of silver dissolves in 2510 parts of aqueous ammonia of specific 
gravity 0'96. (Martini, Schw. 56, 154.) Water does not dissolve iodide 
of silver; concentrated solutions of the chlorides of potassium and sodium 
dissolve it in considerable quantity. 
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108 .... 46-15 
126 .... 53-85 



Agl 234 .... 100-00 

The native iodide of silver from Mexico is malleable, translucent, and 
of a pearly grey colour. (Noggerath, Schw. 51, 363.) Before the blow- 
pipe, it fuses very easily, turns red, and colours the flame violet. (Del 
Rio, Schw. 50, 494.) Comp. Vauquelin (Ann. Chim. Phys. 29, 59; also 
Schw. 45, 26). 

B. IODATE OF SILVER-OXIDE, or SILVER-IODATE. Formed by preci- 
pitating a solution of silver-nitrate with iodic acid (Gay-Lussac), or iodate 
of soda (Rammelsberg). White precipitate. (Gay-Lussac.) Crystallizes 
from the ammoniacal solution in small, brilliant, rectangular prisms, free 
from ammonia, (Rammelsberg, Pogg. 44, 572.) Decomposed by heat 
into oxygen gas and iodide of silver. (Benckiser, Rammelsberg.) Hydro- 
chloric acid decomposes it, forming chloride of silver, terchloride of 
iodine, water, and chlorine gas (Filhol) : 

AgOJO 5 + 6HC1 = AgCl + ICF + 6HO + 2C1. 

Dissolves in ammonia, forming a liquid from which sulphurous acid 
precipitates iodide of silver. (Gay-Lussac, Gilb. 49, 255.) Sparingly 
soluble in nitric acid. (Benckiser, Ann. Pkarm. 17, 255.) 

Benckiser. 

Ago 116 .... 41-13 .... 40-57 

IO 5 166 .... 58-87 .... 59-43 



AgO,iO 5 282 .... 100-00 .... lOO'OO 



Or: 

AffI 


.... 234 


82-98 


Benckiser. 

82*17 


Rammelsberg. 
83-84 


6O 


48 


17-02 


17-83 


16*16 













282 .... 100-00 .... 100-00 .... 100-00 

C. PERIODATE OF SILVER-OXIDE, or SILVER-PERIODATE. a. JRibasic. 
< a- Mono-hyd rated. On treating the ter-liydrated salt with warm 
water, which does not dissolve any of it, this compound remains in the 
form of a dark, red-brown mass, which yields a red powder, and, when 
ignited, is resolved into 17*25 per cent, of oxygen gas. 1-95 of water, 
and SO44 of a mixture of silver and iodide of silver. /3. Ter-hydrated. 
Formed by mixing nitrate of silver-oxide with a solution of bibasic per- 
iodate of soda in dilute nitric acid, washing the pale green precipitate 
with water acidulated with nitric acid, and dissolving it in warm, dilute 
nitric acid, from which the salt separates in shining, straw-yellow crystals 
on cooling. When heated, it is resolved into IG'66 per cent, of oxygen 
gas, 6*17 of water, and 77*30 of a mixture of iodide of silver and metallic 
silver. Both a and /3 dissolve in warm nitric acid. On leaving the 
solution to cool, the yellow salt (3 separates out; but if the solution be 
evaporated, the nitric acid withdraws half the oxide of silver, and allows 
the monobasic salt to crystallize out. (Ammerniuller & Magnus.) 



2AgO 


. . 232 


Ammermii 
& Magnu 
54-85 
. 43-02 
. 2-13 .... 1-95 


Her 
is. 
2AgO.. 

107 

3IIO .. 


.. 252 .. 

.. 182 .. 
.. 27 .. 


Am merm tiller 
& Magnus. 
.. 52-61 .... 
.. 41-27 .... 
.. 6-12 .... 6-17 


107 
HO 


182 ... 
9 







423 .... 100*00 .... + 3Aq. 441 ....100-00 
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b. Monobasic. Formed when the solution of the salt a, /3 in warm 
nitric acid is evaporated with the aid of heat. The salt then separates, 
even before cooling, in orange-yellow, anhydrous crystals, which are 
resolved by heat into oxygen gas and iodide of silver. When immersed 
in cold water, which takes up half the acid without any of the oxide of 
silver, they fall to pieces and produce a straw-yellow powder, consisting 
of the ter-hydrated bibasic salt; in warm water they are converted into 
the red mono-hydrated salt a, a. Both the monobasic and the bibasic 
salt, when boiled with water or nitric acid, yield traces of iodateof silver- 
oxide, easily recognized by its white colour and sparing solubility. 
(Aminermiiller & Magnus, Pogg. 28, 516.) 

Ammermiiller 
Or: & Magnus. 

AgO 116 .... 38-92 Agl 234 .... 78-52 .... 78-58 

IO 7 182 .... 61-08 8O 64 .... 21-48 .... 21*25 

AgO,IO'.... 298 .... 100-00 298 .... 100-00 .... 99-83 



SILVER AND BROMINE. 

A. BROMIDE OP SILVER. Found native. 1. A solution of silver- 
nitrate mixed with aqueous hydrobromic acid or bromide of potassium, 
yields a yellowish white precipitate. (Balard.) The same precipitate is 
formed by bromine. On adding a silver-solution in small successive 
portions to an aqueous mixture of hydrobromic and hydrochloric acids, 
bromide of silver is first precipitated, which assumes a pure grey colour 
on exposure to light the chloride, which is coloured violet by the action 
of light, not being precipitated till afterwards. (Berthier, Ann. Chim. 
Phys. 77, 417.). 

The precipitate dried in the shade is yellow (Balard), of specific 
gravity 6-3.534 (Karsten), and when heated, fuses into a reddish liquid, 
which, on cooling, solidifies in a yellow, translucent, horny mass. (Balard.) 
Crystallizes in octohedrons from its solution in aqueous hydrobromic 
acid. (Lowig.) 

Balard . Lowig. 

Ag 108-0 .... 57-94 .... 58'9 .... 5895 

Br 78-4 .... 42-06 .... 41*1 .... 41-05 

AgBr 186-4 .... 100*00 ~. lOO'O ~ lOO'OO 

The precipitate blackens if exposed to light while moist, but not so 
quickly as the chloride. (Balard.) The action of light does not turn it 
violet, like the chloride, but pure grey. (Berthier.) Bromide of silver, 
strongly ignited with carbonate of soda, yields silver and bromide of 
sodium j but at a lower temperature, it fuses with the carbonate of* soda 
into a turbid mass, from which the carbonate of soda may be dissolved 
out by water in its original state. (Bcrzelius, Lehrb.) With zinc and 
dilute sulphuric acid, it yields metallic silver. (Balard.) When heated 
in a stream of chlorine gas, it is converted into chloride of silver, but 
much less quickly than the iodide. (Berzelius, Pocjg. 14, 565.) When 
diffused through water, it is immediately decomposed by chlorine. (Ber- 
thier.) Aqueous hypochlorous acid converts it into chloride of silver 
and bromate of silver-oxide, with evolution of bromine and chlorine. 
(Balard.) Boiling oil of vitriol separates a, small quantity of bromine 
vapour from bromide of silver; boiling nitric acid has no action upon it. 
(Balard.) Solution of mercuric nitrate takes up bromide of silver. 
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(Wackenroder.) Bromide of silver dissolves in strong hydrobromic acid 
and in strong hydrochloric acid. (Lowig.) It is scarcely soluble in dilute 
ammonia, hut easily in strong ammonia. It is likewise slightly soluble 
in a concentrated solution of bromide of potassium or bromide of sodium. 
(Lowig.) It dissolves in a hot solution of sal-ammoniac, very sparingly 
in aqueous carbonate, sulphate, or succinate of ammonia, least of all in 
nitrate of ammonia. (Wittstein.) 

Native Bromide of Silver. The variety from Plateros in Mexico, 
mixed with a large quantity of arseniate and carbonate of lead, is of a 
yellowish olive-green colour, of specific gravity 5*8 to 6'02, and crystal- 
lized in cubes and octohedrons. Its light green powder turns grey when 
exposed to light. The ore from Chanaveillo in Chili is a mixture of 
bromide and chloride of silver, associated with other minerals. (Berthier, 
Ann. Chim. Phys. 17, 417; 79, 164.) 

B. AQUEOUS BROMIDE OP SILVER AND HYDROGEN, or ACID HYDRO- 
BROMATE OF SILVER -OXIDE. 1 At. concentrated hydrobromic acid dis- 
solves nearly 1 At. bromide of silver, which crystallizes out on cooling, 
and is precipitated by dilution with water. (Lowig.) 

C. HYPOBROMITE OF SILVER-OXIDE. Oxide of silver immersed in 
bromine-water yields bromide of silver and aqueous hypobromite of 
silver-oxide, which is easily resolved into bromide of silver and bromate 
of silver-oxide. (Balard.) 

. D. BROMATE OF SILVER-OXIDE, or SILVER-BROMATE. Free bromic 
acid and bromate of potash added to solution of silver-nitrate, throw down 
a white powder, which blackens very slightly on exposure to light. 
(Balard.) According to Rammelsberg, it soon turns grey when exposed 
to light. Froths up when heated, and is resolved into oxygen gas and 
bromide of silver (Lowig)j if the heat be suddenly applied, the decompo- 
sition is attended with fiery detonation, volatilization of part of the 
bromide of silver in the form of a yellow vapour, and evolution of a 
faint odour of bromine. (Rammelsberg, Pogg. 52, 94.) Detonates on 
red-hot coals like nitre. (Lowig.) Converted into chloride of silver by 
digestion in hydrochloric acid. (Rammelsberg.) Insoluble in water and 
nitric acid ; soluble in ammonia. (Lowig.) Slightly soluble in water. 
(Rammelsberg.) 

Rammelsberg. 

AgO 116-0 .... 49-49 .... 49'73 

BrOs 118-4 .... 50-51 ,... 50'27 

AgO,Br0 5 .... 234-4 .... lOO'OO .... 100-00 



SILVER AND CHLORINE. 

A. Dichloride of Silver? Blade Chloride of Silver. Formation. 
1. White chloride of silver obtained by precipitation, and exposed to light, 
where moisture is present, gives off chlorine, and assumes first a violet, 
then a brownish grey colour, and finally becomes black. When the 
white chloride of silver is immersed iu water in a stoppered bottle, and 
exposed to sunlight, a strong odour of chlorine is observed after 24 hours; 
if the chlorine be allowed to evaporate from the water, a fresh quantity 
is disengaged by the continued action of the light. The evolution of 
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chlorine from chloride of silver thus exposed to light goes on for several 
months, becoming, however, continually weaker; and at last, instead of 
chlorine, the water is found to contain hydrochloric acid, which has been 
formed from the chlorine (with evolution of oxygen). The innermost 
parts of the chloride of silver remain, however, unaltered. (Wetzlar, 
Schw. 52, 406.) Thenard and Fischer likewise observed this evolution 
of chlorine. According to Scheele and Bucholz, the blackening is attended 
with evolution of hydrochloric acid; the same is stated by Berthollet 
(Stat. chim. 1, 195); and moreover, that the formation of the hydrochloric 
acid is not attended with evolution of oxygen. The blackening by 
exposure to light does not take place unless moisture is present ; hence it 
is not produced in vacuo over oil of vitriol. Covering the white chloride 
with alcohol likewise protects it from blackening for a considerable time. 
(Seebeck, Pogg. 9, 172.) The blackening takes place less quickly under 
water containing chloride of potassium or chloride of sodium in solution, 
than under pure water. (Wetzlar.) White chloride of silver does not 
blacken by exposure to light if immersed in nitric acid. (Scheele.) 
According to Wetzlar, it blackens under nitric or hydrochloric acid, but 
not under chlorine-water or solution of ferric sulphate. In nitric acid of 
specific gravity 1'23, it assumes a pale violet colour in two days, and 
becomes dark violet in sunshine in the course of an hour. In nitric acid 
of specific gravity 1*4, it remains white in daylight, but on exposure to 
direct sunshine for an hour, it acquires a very pale violet tint, which does 
not increase in four hours. (Wittstein, Repert. 63, 220.) When a silver- 
solution mixed with sulphate or acetate of ferric oxide is precipitated by 
common salt, the precipitate does not blacken when exposed to light for 
two hours, but acquires a certain amount of grey colouring in a few days. 
(A. Vogel, J. pr. Qliem, 20, 365.) If the precipitated chloride of silver 
contains a trace of calomel, it does not blacken on exposure to light. 
(H. Eose.) 2. Silver immersed in an aqueous solution of sesquichloride 
of iron, protochloride of copper, or protochloride of mercury, takes up 
provided the immersion be not too long continued only as much chlorine 
as is required to form the black chloride of silver, the action being like- 
wise attended with the formation of protochloride of iron, clichloride of 
copper, or dichloride of mercury. The solution of either of these three 
metallic chlorides immediately forms a black spot upon silver. On this 
reaction is grounded Smithson's process for recognizing an aqueous 
metallic chloride, viz., by its property of blackening a bright silver 
surface on the addition of ferric or cupric sulphate. A silver spoon 
acquires a black tarnish on being moistened with solution of sal-ammoniac, 
only when it contains copper, or when a piece of copper is immersed in 
the liquid. (Wetzlar.) In opposition to these statements, Schaffhautl 
(Ann. Pharm. 44, 27) maintains that finely divided silver has no action 
on sesquichloride of iron. To obtain the black chloride of silver in the 
greatest possible state of purity by the process just described, silver-leaf 
is immersed in an aqueous solution of sesquichloride of iron or proto- 
chloride of copper. It immediately separates into little spangles, and is 
subsequently converted into a brownish black powder, which must be 
washed. Pulverulent silver precipitated by green vitriol is not so well 
adapted to the purpose, because it cakes together; hence it requires to 
be left for a longer time in contact with the iron or copper solution, and 
is thereby partly transformed into white chloride of silver, which forms 
a brown mixture with the black chloride. (Wetzlar.) A. Vogcl obtained 
with silver-leaf and a solution of corrosive sublimate, a white pulverulent 
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mixture of 'chloride of silver and calomel. 3. The black chloride of 
silver may be formed from the suboxide and its salts by the action of 
hydrochloric acid. (Wohler, Ann. Pharm. 30, 3.) Suboxide of silver 
precipitated from the citrate by potash yields a brown substance when 
treated with hydrochloric acid. An aqueous solution of citrate of suboxide 
of silver forms the same precipitate with hydrochloric acid. (Wohler.) 

The subchloride prepared by (1) and (2) is black; by (3) brown; and 
assumes the metallic lustre under the burnishing steel. (Wohler.) 

The compound (3) heated to the melting point of protochloride of 
silyer ; cakes together, and is converted into a yellow mixture^ of metallic 
silver and the protochloride. (Wohler.) Aqueous ammonia extracts 
protochloride of silver from the subchloride (whether prepared by 1, 2, 
or 3), and leaves a black powder consisting of metallic silver, soluble with 
effervescence in nitric acid. (Scheeie, Wetzlar, Dulk, Wohler,) Strong 
boiling hydrochloric acid, or a boiling solution of common salt acts in a 
similar manner to ammonia. (Wetzlar.) According to Berthollet, black 
chloride of silver is perfectly soluble in ammonia. Subchloride of silver 
retains its black colour when immersed in nitric acid (A. Vogel, Grilb. 
72, 286); even the hot concentrated acid does not extract silver from it 
a proof that it does not contain any free metal. (Wetzlar.) Hot nitric 
acid takes up a portion of the silver from (2), and leaves a brownish red 
residue, almost wholly soluble in ammonia. (Dale, J. pr. Chem. 3, 232.) 
Subchloride of silver prepared by (1) or (2), is converted by immersion in 
chlorine- water, sesquichloride of iron, or protochloride of copper, into 
white chloride of silver, the action being attended with formation of 
protochloride of iron or dichloride of copper. (Wetzlar.) 

B. PROTOCHLORIDE OF SILVER. Horn-silver, Luna-cornea. Found 
native as Horn-silver. Formation. 1. Silver immersed in chlorine gas 
or chlorine water, is slowly converted into horn-silver, without, however, 
exhibiting visible combustion in the gas. 2. Hydrochloric acid gas (even 
when perfectly dry) passed over red-hot silver, yields hydrogen gas and 
chloride of silver; on the other hand, chloride of silver heated to redness 
in an atmosphere of hydrogen, yields hydrochloric acid gas and metallic 
silver. (Boussingault, Ann. Gkim. Phys. 54, 260; also J. pr. Chem. 2, 155.) 
The conversion of the silver into chloride is only superficial, because the 
chloride first formed protects the inner portions of the metal. If the silver 
is enveloped in alumina, into which the fused chloride can penetrate, a 
larger portion of the metal becomes converted into chloride; and if the 
alumina is mixed with common salt, which forms an easily fusible com- 
pound with chloride of silver, the metallic silver is completely converted 
into chloride. If hydrochloric acid gas be passed into a muffle, under 
which silver is fusing, the quantity of the metal gradually diminishes, 
because chloride of silver is formed and evaporates. When, therefore, 
silver is heated to redness in a mixture of brick-dust and common salt, 
and the crucible is sufficiently porous to admit the ingress of the aqueous 
vapour generated by the combustion of the fuel, the common salt is 
decomposed by the silica, yielding silicate of soda and hydrochloric acid, 
(II. 353), and the latter converts the silver into chloride, which then fuses 
with the rest of the chloride of sodium. On this reaction is grounded the 
American method of separating silver from gold by cementation. (Vid. 
Gold.) Silica acts like brick-dust, but less efficiently, because the mass 
becomes more vitrefied. Silver heated to redness with brick-dust and 
common salt in a porcelain tube, remains unaltered, even when a current 
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of dry air is passed through the tube. Silver is not altered "'by ignition 
with common salt under the muffle, even for three hours. (Boussingault.) 
3. Silver immersed in aqueous hydrochloric acid is superficially converted 
into chloride, with evolution of hydrogen,, and a small portion of the 
chloride dissolves. (Proust.) If the air has access to the liquid, silver 
dissolves in the course of a week in hydrochloric acid of specific gravity 1*2, 
forming a solution, from which water throws down chloride of silver. 
(Fischer, Schw. 51, 193.) In this case, the oxygen of the air combines 
with the hydrogen of the acid. The conversion of the silver into chloride 
likewise takes place with facility, when the hydrochloric .acid contains 
substances which readily give up their oxygen, such as arsenic acid or 
peroxide of manganese. (Scheele, Opusc. 1, 169.) The same .effect is 
produced by the addition of blue vitriol or protochloride of copper to the 
hydrochloric acid. (Sonneschmidt, Karsten.) Silver leaf, or silver powder, 
immersed in a solution of common salt, to which the air has access, is con- 
verted with simultaneous formation of soda, by the action of atmospheric 
oxygen into chloride of silver, which then dissolves in the solution of 
common salt. (Wetzlar, Schw. 52, 473.) Piastres from a sunken Spanish 
ship, raised from the water after the lapse of many years, were found to 
be converted into chloride of silver. (Proust.) 4. Finely divided silver 
immersed in hypochlorous acid gas, aqueous hypoclilorous acid, or its 
salts, is converted into chloride, with evolution of oxygen. (Balard.) 
5. Oxide of silver and hydrochloric acid yield water and chloride of silver. 
Oxide of silver boiled in an aqueous solution of chloride of potassium or 
chloride of sodium, forms chloride of silver and an aqueous solution of the 
alkali, containing only a trace of chloride and oxide of silver. (Wetzlar, 
Schw. 53, 100.) 6. All salts of silver-oxide, even those which are 
insoluble in water, such as the carbonate, phosphate, chromate, and 
oxalate, are converted by aqueous hydrochloric acid, or by aqueous 
metallic chlorides, into chloride of silver. 7. Chlorine likewise precipitates 
chloride of silver from solutions of that metal, generally, however, with 
simultaneous formation of hypochlorite of silver-oxide, which is soon 
resolved into chloride and chlorate. 8. Sulphide of silver, heated in 
chlorine gas, is slowly converted into chloride. In this reaction, 1 W 24 pts. 
(1 At.) of sulphide of silver yield from 143'2 to 144' 2 pts. of chloride. 
(Berzelius.) Sulphide of silver, roasted with common salt, yields chloride 
of silver and sulphate of soda. With aqueous protochloride of copper, 
mixed with common salt, it forms chloride of silver arid dichloride of 
copper, which remains dissolved in the common salt, &c. (p. 152.) 
9. Heated iodide, or bromide of silver, is converted by chlorine gas (the 
bromide very slowly) into chloride of silver. 234 pts. (1 At.) of iodide 
of silver yield from 112*5 to 143'2 and 145*5 pts. of chloride. (Berzelius, 
Pogg. 14, 558.) 

Preparation. By precipitating nitrate of silver-oxide with hydro- 
chloric acid or common salt, and washing and drying the precipitate, 
which must be excluded from light during the whole series of operations. 

Properties. The native chloride crystallizes in the forms shown in 
figures 1 3 2, 3, 4, and 5. It is malleable and flexible, of specific gravity 
5*55, greyish white, with an unctuous adamantine lustre, and translucent. 
Horn-silver likewise crystallizes in octohedrons from a solution in aqueous 
ammonia or hydrochloric acid ; when thrown down from a dissolved silver- 
salt by hydrochloric acid, it forms a white, curdy precipitate. When 
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cooled from a state of fusion, it solidifies, with considerable expansion 
(Persoz, Ckim. Molecal. 242), in a colourless, transparent, strongly 
refracting, horny mass, which takes impressions from the nail. Before 
fusion, its specific gravity is 5*501 (after blackening in the sun, 5*5671). 
(Karsten.) After fusion and solidification, 5-4548 (Proust); 5*4582 
(Karsten); 5-548 (P. Boullay). Fuses at 260, previously assuming a 
yellowish colour, and forms an orange-yellow, transparent liquid, which 
sinks into the pores of an earthen crucible, and volatilizes without decom- 
position at higher temperatures. 

Ure. Marignac. 

&X 108-0 .... 75-314 .... 75-524 .... 75-34 

Cl 35-4 .... 24-686 .... 24-476 .... 24-66 



AgCl 143-4 



100-000 



100-000 



100-00 



Ag 


Berzelius. 'Wenzel. Val. Rose, Bergman 
earlier. later. Bucholz. 
75-24 . 75-33 ... 75-33 .... ^5*18 .... 75 


Cl 


. .. 24-66 24-67 24'67 .... 24-82 . 25 







AgCl 100-00 



100-00 



100-00 



100-00 



100 



Or: 
AffO/..... 


Berzelius. 
80-903 


Marcet. 
80-95 


Proust. 

82 


Val. Rose. 
82-26 


Zaboada. 
82-3 


Cl O 


... 19-097 


19-05 


18 


16-74 .... 


17-7 















100-000 



AgO .... 
Cl-0 



100-00 

Bucholz. 
82-5 
17-5 



100 

Clienevix. 
. 83 
. 17 



100-00 .. lOO'O 

Kirwan. 

83-46 

16-54 



100-0 



100 



100-00 



Decompositions. White horn-silver turns violet and black on exposure 
to light. (Comp. Ill, 616.) 2. Heated on charcoal before the blowpipe, 
it yields metallic silver, with evolution of an odour of hydrochloric acid. 
On the addition of oxide of copper, the flame becomes blue. IT Wittstein 
recommends, for the reduction of chloride of silver, to mix 2 parts of it 
intimately with 1 part of charcoal ; he is of opinion that the reduction is 
due to the hydrogen in the charcoal. (Eepert. Pharm. 3rd ser. 2, 1.) IT 
3. When heated in an atmosphere of carbonic oxide gas, it is rapidly 
decomposed, yielding phosgene gas and metallic silver. (Gb'bel, J. pr. 
Ghem. 6, 388.) 

AgCl + CO=Ag+COCl. 

It is not decomposed by ignition with pure charcoal. 4. Heated with 
phosphorus, it yields chloride of phosphorus and metallic silver, with 
which a considerable quantity of chlorine remains mixed. (H. Rose, Pogg. 
27, 117.) When gently heated in phosphuretted hydrogen gas, it is very 
easily decomposed into hydrochloric acid, phosphorus, and silver. (H. Rose, 
Pogg. 24, 334.) 5. When boiled in the freshly-precipitated state with 
aqueous alkaline sulphates, it is reduced somewhat rapidly to the metallic 
state; but the resulting metal, if required pure, must be washed with 
ammonia. (Berthier, N. Ann. Ohim. Phys. J, 82.) Cold aqueous sul- 
phurous acid has no effect upon chloride of silver; but the same liquid, 
when hot, colours it light grey. (A. Vogel.) 6. Arsenic, antimony, bis- 
muth, zinc, cadmium, tin, lead, iron,, copper, and mercury, agitated with 
chloride of silver and water, separate the silver with evolution of heat, 
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the action being greatly facilitated by the presence of free hydrochloric 
acid, and by the action of heat. Zinc and iron act without the addition of 
water, provided only that the surrounding atmosphere contains moisture j 
but in yacuo, or under alcohol or ether, the decomposition does not take 
place. With the other metals, the presence of water is necessary; of these, 
cadmium, lead, and arsenic, act the most rapidly; antimony, copper, and 
mercury, act slowly ; tin and bismuth most slowly of all. (Fisher, Gilb. 
42, 230 ; 72, 300 ; Pogg. 6, 43.) Zinc and iron are the only metals which 
decompose chloride of silver under water at ordinary temperatures. Tin, 
lead, copper, bismuth, and antimony decompose it only in presence of 
mercury, which takes up the silver, or in presence of free hydrochloric 
acid. (Karsten.) For the decomposition of horn-silver by mercury, the 
presence of common salt is necessary. (Sonnenschmidt, Ann. Chim. Phys. 
51, 349.) 7. By heating with cinnabar, sulphide of silver and proto- 
chloride of mercury are obtained. (Wenzel, Verwandtsch. 452.) Aqueous 
solution of green vitriol exerts no decomposing action. (Keir, Schw, 53, 
166; Wetzlar, ScJiw. 51, 373.) 8. Chloride of silver, fused with hydrate 
of potash or soda, with carbonate of potash or soda, or with lime, yields 
metallic silver and a chloride of the alkali-metal, with evolution of oxygen 
gas and water. Aqueous solution of potash, of specific gravity not less 
than 1-25, decomposes recently precipitated and still moist chloride of 
silver rapidly and completely, yielding aqueous chloride of potass in a nd 
pure oxide of silver,, which, after washing, is completely soluble in nitric 
acid. Cold or dilute potash-ley has no action on chloride of silver ; and 
if the chloride has once been dried, it is but incompletely decomposed, 
even by long boiling with strong potash-ley. (Gregory, Phil. May. J. 
22, 284; comp. Wetzler, Schw. 53, 99.) Aqueous carbonate of potash 
decomposes chloride of silver. (Thomson.) The chloride of silver blackens 
when boiled with carbonate of potash, apparently from formation of 
dichloride of silver. 9. Cold oil of vitriol does not decompose chloride of 
silver; boiling oil of vitriol decomposes it slowly, with evolution of hydro 
chloric acid and formation of sulphate of silver- oxide ; part of the horn- 
silver likewise dissolves, without decomposition, in hot oil of vitriol, and 
does not separate again on cooling. (A. Vogel.) 

Chloride of silver dissolves sparingly in concentrated hydrobromic 
acid (Lo wig) ; in concentrated hydrochloric acid ; also sparingly in hot 
alcohol mixed with hydrochloric acid, and partly separates again on cool- 
ing (Erdmann, J. pr. Ghcm. 19, 341) ; it dissolves in sal-ammoniac solu- 
tion; easily, according to Brett; with difficulty, according to Wittstein, 
but not iu other ammoniacal salts ; sparingly in a strong solution of 
chloride of potassium, chloride of sodium, and a few other metallic chlo- 
rides; copiously in aqueous alkaline hyposulphites (forming a chloride 
of the alkali-metal, and hyposulphite of silver-oxide and the alkali: 
Ilerschel)') abundantly in ammonia even when very dilute (vid. Ammonio- 
chloride of silver); it likewise dissolves in aqueous mercuric nitrate, and 
is easily precipitated therefrom by hydrochloric acid, sal-ammoniac, or 
common salt; imperfectly by nitrate of silver-oxide, and not at all by 
nitric acid. (Wackenroder, Ann. Pharm. 41, 317.) In other liquids, 
chloride of silver is insoluble. Chloride of silver in the melted state is 
capable of absorbing a very small quantity of chlorine gas, which easily 
escapes again on cooling. (Bcrzclius.) It does not absorb the vapour of 
anhydrous sulphuric acid. (H. Rose.) 

Powder for the cold Silvering of Copper and Brass : a. 1 part of 
precipitated chloride of silver, 2 of alum, 8 of common salt, and 8 of 
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tartar.~<~&. 1 pt. of chloride of silver, 1 of prepared chalk, somewhat 
more than 1 of common salt, and 3 of pearl-ash. c. 1 part of silver pre- 
cipitated by copper, 4 of common salt, 4 of sal-ammoniac, and of 
corrosive sublimate; the whole made up into a paste with water. The 
surface of the metal to be silvered is cleansed by boiling with water, 
alum, and tartar, then heating it to redness and polishing, or by friction 
with tripoli ; it is then moistened with solution of common salt, and some 
of the powder is rubbed into it, after which it is. washed and dried with a 
soft woollen cloth. 

C. AQUEOUS CHLORIDE OF SILVER AND HYDROGEN, or ACID HYDRO- 
CHLORATE OF SILVER-OXIDE. Chloride of silver dissolves somewhat 
copiously in strong hydrochloric acid. The same solution is formed by 
the action of strong hydrochloric acid on metallic silver, with free access 
of air (p. 163, 3). The solution when evaporated, yields octohedrons of 
chloride of silver: it is almost completely precipitated by water, the liquid 
exhibiting a milky turbidity. Tolerably dilute hydrochloric acid is like- 
wise capable of dissolving a certain quantity of silver; a solution of 1 pt. 
of silver-nitrate in 15,000 of water, becomes turbid on the addition of a 
small quantity of hydrochloric acid, and clear again on the addition of a 
further quantity; it still, however, yields a precipitate with sulphuretted 
hydrogen, even when 7 } 500 parts of hydrochloric acid have been added. 
(Reinsch, /. pr. GJiem. 13, 133.) 

D. HYPOCHLORITE OF SILVER-OXIDE, or SILVER-HYPOCIILORITE, 
When oxide of silver is diffused in water and agitated while a stream of 
chlorine is passed through the liquid, heat is evolved, and chloride and per- 
oxide of silver are formed, together with a liquid of strong bleaching power, 
which becomes turbid in a few seconds, depositing chloride of silver, and 
being converted into a solution of chlorate of silver-oxide, which no 
longer possesses bleaching power. If the passage of chlorine through the 
bleaching liquid be continued, chloride of silver is formed, while hypo- 
chlorous and chloric acids remain in solution. An alkali added to the 
bleaching liquid, liberates oxygen gas, and precipitates a mixture of 
chloride and peroxide of silver. A similar action is exerted by chlorine 
on the aqueous solution of chlorate, nitrate, or acetate of silver-oxide, 
the acid of the silver-salt being set free. (Balard, Ann. Ckim. Pkys. 
57, 241.) 

E. CHLORITE OF SILVER-OXIDE, or SILVER-CIILORITE. Formed by 
precipitating a solution of silver-nitrate with an alkaline chlorite contain- 
ing a slight excess of alkali, boiling the precipitate with water, filtering 
hot, and cooling to the crystallizing point. If but a trace of free chlorous 
acid were present at the precipitation, it would cause the product to 
resolve itself into chloride of silver and chlorate of silver-oxide : 

SCAgC^ClO 3 ) = AgCl + 2(AgO,ClO 5 ). 

Yellow crystalline scales. The dried salt detonates even when heated to 
105, or by contact with strong hydrochloric acid. With dilute hydro- 
chloric acid, it yields 81-53 per cent, of chloride of silver. It sets fire to 
sulphur when mixed with that substance by means of a glass rod. It is 
not decomposed by boiling under water. (Millon, W. Ann. Ckim. Phys. 
7, 329.) 
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Crystallized. Millon. 

AgO 116-0 .... 66-13 .... 65-66 

CIO 3 59-4 .... 33-87 .... 

AgO.ClO 3 175-4 .... 100-00 

F. CHLORATE or SILVER-OXIDE, or SILVER-CHLORATE. 1. Formed 
by passing chlorine gas through water in which silver-oxide is diffused, 
till bubbles of oxygen are evolved, then filtering from the chloride of 
silver, and evaporating to the crystallizing point. (Chenevix.) The filtrate 
at first contains hypochlorite of silver-oxide, (md. sup.') 2. By dissolving 
silver-oxide in aqueous chloric acid ; the action being accompanied with 
evolution of heat. (Vauquelin, Ann. Ckim. 95, 124.) White, opaque, 
four-sided prisms with oblique terminal faces, having the taste of nitrate 
of silver-oxide. (Vauqueliu.) The salt, when slightly heated, gives off 
oxygen with effervescence, and is reduced to chloride of silver. (Chenevix.) 
When mixed with sulphur, it detonates with the utmost violence on the 
slightest pressure. (Chenevix.) Thrown on red-hot coals, it detonates 
with a vivid light, and is converted into chloride. (Vauquelin.) Hydro- 
chloric, nitric, and acetic acid resolve it into chloride of silver and oxygen 
gas which escapes. (Chenevix.) Chlorine, passed through the solution of 
this salt, causes an evolution of oxygen, and throws down chloride of 
silver, while chlorate of silver-oxide remains in solution. The salt dis- 
solves in from 10 to 12 parts of cold water (Vauquelin); in 8 to 10 pts. 
of cold, and 2 parts of warm water, and is slightly soluble in alcohol. 
(Chenevix.) 

G. PERCIILORATE OF SILVER-OXIDE, or SILVER-PERCIILORATE. The 
solution of silver-oxide in the aqueous acid yields no crystals when 
evaporated in the hot-air chamber, bufc a white powder. This powder 
fuses when somewhat strongly heated, forming but a small quantity of 
chloride of silver, and, on cooling, solidifies in the crystalline form. At 
a temperature somewhat below redness, it is suddenly decomposed. Its 
aqueous solution turns brown when exposed to light j paper saturated 
with it and then dried, detonates violently at 200 J . It deliquesces in 
the air, and dissolves in strong alcohol. (Serullas, Ann. Ckim. Pliys. 
46, 307.) 

H. CIILOIUODIDE OF SILVER. Sec page 157. 

^ I. CHLOROBROMIDE OF SILVER. -Found native in Chili. A speci- 
men imported by Vice-Admiral Sir George Seymour, and analysed by 
Col. Yorke (Chem. Soc. Qu. J. 4, 149), presented the appearance of a 
waxy, sectile substance, diffused in veins through and partially coating a 
red ochreous matrix containing portions of quartz: the whole specimen 
weighed about 60 Ibs. The sectile substance, when cleared from ochre, 
was nearly black externally, but internally of a greenish yellow colour, 
translucent, and crystalline. The veins varied in thickness from | of an 
inch to microscopic minuteness. The ochreous matter contained occa- 
sionally very small cubic crystals disseminated in .it, and the coating was 
in some parts marked by impressions indicating some of the more com- 
plicated modifications of the cube. Sp. gr. of the chlorobromide 5'53 
(Yorke), 0*702 (Dufrenoy). 



Yorke. 

2AgBr 372*8 .... 46'42 .... 46'8 

SAgCl 430-2 .... 53-58 .... 53'2 

2AgBr+3AgCl 803'0 Z lOO'OO Z lOO'O 
For other analyses of chlorobromide of silver, vid. Domeyko, Ann. Min. [4], 6, 153. Tf 

SILVER AND FLUORINE. 

A. FLUORIDE OF SILVER. Formed by dissolving silver-oxide or its 
carbonate in aqueous hydrofluoric acid, and evaporating to dryness. 
Hydrofluoric acid has no action on metallic silver. Fluoride of silver is 
not crystalline, but fuses like horn-silver (Gay-Lussac & Thenard); on 
cooling, it forms a greyish black, shining, sonorous, slightly extensible 
mass, having a lamino-radiated fracture. (Unverdorben, JW. Tr. 9 & 34.) 
When ignited for some time in the air, it becomes covered with metallic 
silver, and gives off hydrofluoric acid and oxygen gas; when decomposed 
by hydrochloric acid it yields 112-58 per cent, of chloride of silver; 
deliquesces in the air. (Berzelius, Ann. Chim. Phys. \l, 121; Pogy. 
1, 35.) The aqueous solution has a strongly metallic taste, blackens the 
skin, and is precipitated by hydrochloric acid and fixed alkalis. (Gay- 
Lussac & Thenard.) 

By repeatedly evaporating and re-dissolving the aqueous fluoride of 
silver, Unverdorben obtained a substance which was no longer soluble in 
water, but settled down in small, soft laminae : while moist, it exhibited a 
golden. colour aiid metallic lustre; but after drying, became yellow and 
glistening ; by pressure, it again acquired the colour and lustre of gold. 
Was it a basic compound ? 

SILVER AND NITROGEN. 

A. NITRITE OF SILVER-OXIDE, or SILVER-NITRITE. a. Basic? 
First obtained by Proust, who regarded it as nitrate of suboxide of silver; 
Hess, on the other hand, regarded it as a compound of nitric oxide with 
silver-oxide. Preparation. 1. Aqueous silver-nitrate, boiled for several 
hours with finely divided silver, dissolves the metal, with evolution of 
nitric oxide, and forms a light yellow liquid, which, when evaporated 
down to a density of more than 2*4, and then kept at a low temperature 
for several days, solidifies suddenly on being poured into another vessel. 
On treating this mass with water, the salt remains un dissolved in the 
form of a yellow powder. Cold water or alcohol likewise throws down 
this powder from the yellow solution. (Proust.) 2. Aqueous sulphate of 
silver-oxide is precipitated by nitrite of baryta (or, according to Hess, the 
compound of nitric oxide and baryta), and the filtrate evaporated to the 
crystallizing point. The baryta-salt must not be previously freed from 
excess of baryta by sulphuric acid, otherwise a more neutral salt will be 
formed, which cannot be obtained in the crystalline state. (Hess.) 
3. Aqueous nitrate of silver-oxide is precipitated by nitrite of baryta. 
(Peligot, Ann. Chim. Phys. 77, 68.) Yellow powder (Proust), long, 
straw-yellow needles (Hevss); anhydrous crystals (Peligot). Blackens 
on exposure to light. (Hess.) Blackens in the air, being resolved into 
metallic silver and nitrate. When gently heated in a glass tube, it is 
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resolved into metallic silver and nitrous [hyponitric'T] acid. According to 
Peligot, it gives off nitric acid when heated, and the residue is thereby 
converted into nitrate of silver-oxide. When immersed in hydrochloric 
acid, it is superficially converted, with slight evolution of gas, into chlo- 
ride of silver. Dissolves very sparingly, and only partially in water, 
flakes remaining behind. Easily soluble in ammonia. (Hess, Pogg. 
12, 261.) 

1. Monobasic. Prepared by the process described on page 382, vol. II. 
White, crystalline. In contact with a chloride of an alkali-metal and 
water, it yields chloride of silver and an alkaline nitrite. Dissolves in 
120 parts of cold water, more abundantly in hot water, and crystallizes 
from the hot solution on cooling. (Mitscherlich, Lekrbuck.) IT According 
to Fischer (Pogg. 74, 115), the salt thus prepared forms prisms of 59 
with oblique terminal faces; it requires 300 pts. of cold water to dissolve 
it, but is more soluble in cold water; insoluble in alcohol. According to 
Persoz (Ann. Pharm. 65, 177), nitrate of silver-oxide maybe prepared in 
a similar manner to the alkaline nitrites, by the action of heat on the 
nitrate : 

AgO,N0 5 ==AgO,N0 3 4-0 2 . 

It is possible, however, to convert the whole of the nitrate into nitrite by 
this means; for the latter salt is only formed in presence of a nitrate, such 
as that of silver-oxide or potash. The best mode of obtaining it is to fuse 
together equal parts of nitre and silver-nitrate, dissolve the fused product 
in boiling water, and leave the solution to cool; the nitrite of silver-oxide 
is then obtained in long and very slender needles, having a wavy lustre; ' 
they are colourless while immersed in the liquid, but acquire a slight sea- 
green tint when taken out. They contain 69 '86 per cent, of silver, a 
quantity nearly corresponding with the formula AgO, NO 3 , which requires 
70-13 per cent. IF 

The yellow liquid obtained by boiling finely divided silver with a 
solution of that metal, appears to contain a mixture of the salts a and b. 
According to Proust, it exhibits the following relations. When boiled 
down by itself, it gives off a small quantity of nitric oxide gas, then fuses, 
and yields a yellow sublimate. The mass treated with water when cold, 
yields nitrate of silver-oxide, and leaves a mixture of metallic silver and a 
yellow powder. The yellow solution oxidizes when exposed to the air, 
and deposits crystals of nitrate; the same result is produced by heating it 
with nitric acid, the liquid being then decolorized, and giving off nitric 
oxide gas. Hydrochloric acid added to the liquid, throws down white 
chloride of silver. Ammonia precipitates black pulverulent silver, and 
retains silver-oxide in solution. Potash forms a brown precipitate [of 
stiboxide of silver] which is converted into the protoxide on exposure to 
the air, but, if immediately dissolved in cold dilute nitric acid, again gives 
a black precipitate with ammonia. Cold water added to the yellow liquid, 
throws down the yellow powder a; but on dropping the yellow liquid 
into boiling water, the precipitate changes colour from yellow to red, and 
is then converted into black metallic silver, which forms a specular deposit 
on the sides of the vessel. So long as the precipitate remains yellow or 
reel, it disappears on the addition of nitric acid; but after it has become 
black, nitric acid no longer dissolves it. Alcohol likewise throws down 
the yellow powder, and the liquid filtered from it leaves, on evaporation, 
a residue of silver-nitrate and metallic silver. Tincture of sulphate of 
indigo is decolorized by the yellow liquid, with precipitation of silver. 
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Tincture of litmus forms with it a blue, and tincture of cochineal a violet 
precipitate. (Proust, Of. G-ekl. I, 520.) 

Aqueous silver-nitrite, if free from nitrate, and kept from contact of 
air, is not reduced by tin, nickel, bismuth, or antimony; but if nitrate is 
also present, reduction takes place, not only from the latter, but also from 
the nitrite. (Fischer, Pogg. 22, 496.) 

B. NITRATE OF SILVER-OXIDE, or SILVER-NITRATE. Nitrate of Silver -, 
Silver-saltpetre^ also, but improperly, called Silver-vitriol; after fusion, 
Lunar Caustic, Lapis infernalis. Silver dissolves in pure dilute nitric 
acid, especially on the application of heat, the solution being tolerably 
rapid, and attended with evolution of nitrous gas. The colourless 
solution, when evaporated and cooled, deposits the salt in the anhydrous 
state. 

From silver containing copper, a pure salt may be obtained by the 
following processes: 1. The impure silver is purified by one of the 
methods already described (pp. 135, 136), and the pure metal dissolved in 
nitric acid; or the chloride of silver, precipitated and washed, is decom- 
posed, according to Gregory's method, by strong boiling potash-ley, and the 
resulting silver-oxide, after being washed, is dissolved in dilute nitric 
acid. 2. The impure silver is dissolved in nitric acid, the solution 
evaporated, and the easily crystallizing silver-nitrate is separated from 
the deliquescent cupric nitrate by repeated crystallization and washing 
with a small quantity of cold water. The water always takes up a little 
of the silver-salt, together with the copper-salt. If the solution contains 
excess of acid, the silver-nitrate separates out completely, and, according 
to Guibourt (J. Chim. Med. 7, 536), may be washed on a funnel with 
strong nitric acid, in which it is almost insoluble, whereas the cupric 
nitrate dissolves with facility. The wash-liquid serves to dissolve a fresh 
quantity of silver. Another method is to evaporate the solution to dry- 
ness, taking care not to heat the residue very strongly, and then treat 
this residue with alcohol of 90 per cent ; most of the silver-nitrate then 
remains nn dissolved, and the portion which does dissolve, separates out 
almost completely on cooling, while the cupric nitrate remains in the 
mother-liquid. (Nolle, Ann. Pkarm. 2, 92.) 3. Part of the cupreous 
silver-solution is precipitated by potash, and the well- washed precipitate, 
consisting of hydrated cupric oxide and silver-oxide, is digested with the 
greater part of the solution, which, if it does not contain excess of acid, 
gradually deposits its cupric oxide, and dissolves out the silver-oxide 
from the precipitate. 4. The best method, however, is to evnporate the 
cupriferous silver-solution to dryness; heat the residue carefully and 
uniformly, in a glass, porcelain, iron, silver, or platinum dish, till it fuses, 
and the nitrate of cupric oxide is decomposed with intumescence; then 
keep the mass at the same temperature, till it fuses tranquilly, no 
longer exhibiting a greenish cast, and a sample of it dissolved in water, 
filtered, and mixed with ammoniac, no longer forms a blue solution. If 
the heat be too low or unequal, a portion of the cupric nitrate remains 
undissolvecl; at too high a temperature, the silver-nitrate is also decomposed 
and silver separated, which may be recognized by remaining behind when 
the cupric oxide is dissolved in sulphuric or hydrochloric acid. The mass 
when cold is dissolved in water, the solution filtered from the cupric 
oxide, and left to crystallize. (Brandenburg, Scher. Nord. El. 1, I: Scher. 
Ann. 2, 125; Trautwein, Reptrt. 12, 153; Martius, Eepert. 9, 319.)- 
If the proportion of copper is large, the residue must be merely heated 
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till the greater part of the cupric salt is decomposed, then dissolved in 
water, the filtrate evaporated to dryness, and the residue kept in a state 
of fusion till the remaining cupric salt is completely decomposed. 

Commercial lunar caustic may be adulterated with cupric oxide, 
nitrate of cupric oxide, nitrate of potasb, nitrate of zinc-oxide, and nitrate 
of lead-oxide. 

Transparent and colourless crystals, belonging to the right prismatic 
system. Fig. 50: u' : w=129 31'; p : a or a'=116 36'; a : a'=I26 48'; 
u':a=l4t&. (Brooke, Ann. Phil. 23, 162.) Specific gravity 4'3554. 
(Karsten.) Fuses readily without loss of weight, and solidifies on cooling, 
in a white fibrous mass. Its aqueous solution does not redden litmus ; it 
has a bitter metallic taste, and acts as an acrid poison; it destroys 
organic matter, and turns black when exposed to light. 

Crystallized. Proust. Bergman. 

AgO 116 .... 68-23 .... 69-5 .... 75-19 

NO 5 54 .... 31-77 .... 30-5 .... 24'81 

AgO.NO 5 .... 170 ..!. 100-00 .... 100-0 .... 100-00 

108 parts of silver were found by the author to yield from 170*03 to 
170*23 parts of nitrate. 

Silver-nitrate does not blacken in the air, except when in contact with 
organic matter. At the temperature of commencing redness, it is resolved 
into oxygen, hyponitric acid, nitrogen, and silver. Detonates on red-hot 
coals. Mixed with charcoal, and struck with the hammer, it takes fire 
without detonation ; detonates slightly with sulphur when struck with a 
warm hammer, and very violently with phosphorus. Decomposed by 
fusion with zinc, tin, cadmium, and copper; not at all, or very slowly, by 
the other heavy metals. (Fischer.) It is not decomposed by fusion in 
iron vessels, provided no water is present. (Brandenburg.) Copper 
reduces silver from the dry salt, even at ordinary temperatures [the air 
having access to it]. (Chevalier, J. Cldm. Mcd. 3, 131.) If the sublimed 
arsenic obtained by heating a mixture of equal parts of orpiment and 
iron filings be triturated with ten times its weight of silver-nitrate, a 
mixture is formed whicb takes fire immediately when shaken out upon 
paper. (Mander, Taschenb. 1780, 36.) The crystals of the salt, if 
wrapped up in paper, are gradually converted, without alteration of form, 
into lamina) of malleable silver. (Filiere, Ann. Chim. Phys. 42, 335.) 
The dry salt, triturated with excess of iodine, yields iodide of silver, free 
periodic acid, and nitric acid. (Preuss, Ann. Pharm. 29, 324.) 

The salt dissolves in 1 part of cold and ^ pt. of hot water. The 
solution exhibits the reaction already described as belonging to silver- 
salts in general. Its reaction with native sulphide of antimony will be 
given under the head of Silver and Antimony. For the deoxidizing 
action which aqueous vapour appears to exert on silver-solutions vid. 
Pfaff (Scliw. 36, 68 ; 52, 314) ; A. Vogel (Gilb. 72, 335). Alcohol, under 
the influence of light, very slowly reduces silver from the solution ; sugar 
reduces it more rapidly, producing a black colour; starch, a brown; and 
gum a red-brown colour. (Fischer, Kastn. Arch. 9, 349.) For experiments on 
the action of various organic bodies on solution of silver-nitrate, both in the dark and 
under the influence of light, vid. Brandes & Reimann. (N. Tr. 12, I, 100.) 
Silver-nitrate is insoluble in strong nitric acid, and is precipitated by that 
acid from its aqueous solution. (Schweigger-Seidel, Scliw. 64, 127.) It 
forms a crystalline compound with iodide of silver. (Preuss, Ann. Pharm. 
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29, 329.) It dissolves in 4 parts of boiling acohol. Combines with 
certain metallic cyanides. 

English Ink for marking on linen. \ pt. of lunar caustic and 1 pt. of 
gum-arabic dissolved in 4 parts of water, blackened with a small quantity 
of Indian ink. The linen to be marked is previously saturated with a 
solution of 1 pt. of carbonate of soda and 1 pt. of gum-arabic in 4 parts of 
water, and ironed smooth when dry. After marking, it is exposed to the 
sun for several hours, till in fact it is completely blackened. The marks 
may be obliterated either by repeated treatment with chlorine-water (or 
aquaregia) and ammonia, by which, however, the linen is injured or better, 
according to Bottger, by treatment with aqueous cyanide of potassium. 

C. NITRATE OF PEROXIDE OP SILVER. Peroxide of silver dissolves 
in nitric acid with a slight evolution of oxygen gas, and forms a brown 
solution, which is decolorized by deoxidizing agents, and forms per- 
manganic acid with peroxide of manganese, 

D. COMPOUND OF SILVER-OXIDE WITH AMMONIA. A rgentate of Am- 
monia. a. Solid. a. Pulverulent. Berthollet's Fulminating Silver. 
1. Silver-oxide is precipitated from a solution of the nitrate by lime- 
water; the adhering liquid removed by placing the precipitate on bibulous 
paper; and the precipitate placed in a glass vessel, and covered with very 
strong pure ammonia, whereupon a noise is produced like that which 
accompanies the slaking of lime with water. After 12 hours, the film 
formed upon the surface is dissolved off by fresh ammonia ; the liquid 
decanted ; and the fulminating silver collected at the bottom of the vessel, 
is divided into small portions, and placed upon separate pieces of bibulous 
paper. (Berthollet, Crell. Ann. 1788, 2, 390.) 2. Silver-oxide preci- 
pitated from a solution of the nitrate by a fixed alkali is cautiously 
boiled with a mixture of aqueous potash and ammonia. The potash 
withdraws any carbonic acid that may have been absorbed, and presents 
the solution in excess of ammonia. (Faraday, Quart. J. of Sc. 4, 268; also 
Ann. Chim.Pliys. 9, 107; abstr. Pogg. 12, 252.) 3. Kecently-precipitated 
chloride of silver is dissolved in strong ammonia; pieces of potash-hydrate 
purified by alcohol (III, 13), gradually added to the solution, as long as 
their introduction produces effervescence; the black turbid liquid diluted 
with water, and thrown a filter, through which it runs colourless or 
yellow; and the black powder washed on the filter, and divided into small 
portions while still moist. (L. A. C. J. Pharm. 13, 615.) 

Black powder, which, by slight disturbing causes, such as contact, per- 
cussion, friction, heat, or electricity, is instantly decomposed, with 
violent detonation, strong enough to shatter the containing vessel, the 
products being, apparently, metallic silver, water, and free nitrogen. In 
the moist state, it is much less liable to explode. The affinity of the 
hydrogen in the ammonia for the oxygen in the silver-oxide is much 
greater than that of the hydrogen for the nitrogen, or of the silver for the 
oxygen; slight disturbances cause the stronger affinities to get the upper 
hand; and then the water and nitrogen are raised by the heat developed 
in the formation of the water to a very high degree of elasticity. It is 
possible, however, that this fulminating compound may be a nitride of 
silver. 

fS. Crystalline. Separates from the liquid decanted off Berthollet's 
fulminating silver, and from every solution of silver-oxide (also of the 
chloride, according to Proust) in aqueous ammonia, on exposing such 
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solution to the air, or still more easily, on the application of heat. 
Black, opaque crystals, with a lustre almost metallic; they detonate with 
the greatest violence, on the slightest disturbance, even that which is pro- 
duced by agitating the liquid in which they form. (Higgins.) The 
opinion of Higgins (Minutes of a Soc. for philos. experim. 344; also 
Klaproth & Wolff, Suppl. mm ckem. Wortero. 2, 584) regarding these 
crystals, appears to be correct, viz. that they are the pure fulminating 
silver, whereas the pulverulent substance is probably a mixture of this 
compound with metallic silver (and Faraday's suboxide of silver?). 

5. Liquid compound. Regarded by Faraday as a compound of sub- 
oxide of silver with ammonia, in so far as when the oxide is dissolved in 
ammonia, water and nitric acid are probably formed. He did not observe 
any evolution of nitrogen. This compound is obtained by dissolving 
silver-oxide in excess of aqueous ammonia. According to Gay-Lussac, 
part of the oxide is always converted into fulminating silver, and remains 
undissolved; according to Faraday, on the contrary, the solution is perfect; 
according to Fischer (Kastn. Arch. 9, 357), the recently-precipitated oxide 
dissolves completely; the dried oxide only partially. The colourless 
solution, when exposed to the air, deposits the crystals /3 (Berthollet, 
Higgins, Gay-Lussac), or, according to Faraday, a grey, strongly shining 
film of suboxide, which, when in thin layers, appears of a bright yellow 
colour by transmitted light, and is renewed as often as removed. If 
this solution be boiled for a time, it acquires a deep colour, gives off 
nitrogen gas, deposits fulminating silver, and becomes decolorized; on 
further application of heat, it blackens again, gives off nitrogen, and 
deposits, not fulminating silver, but the pure suboxide, which does not 
yield fulminating silver when treated with ammonia. The liquid argentate 
of ammonia, when kept for a quarter of a year in a closed vessel, deposits 
a thick layer of metallic silver, but no fulminating silver, and is after- 
wards found to contain a large quantity of oxygen gas in the compressed 
state. With potash, ether, and alcohol, it forms white precipitates, which 
soon change colour, and after drying, detonate bo'tli by heat and by 
friction; tincture of galls likewise precipitates argentate of ammonia 
abundantly. ('Faraday.) From alkaline phosphates, chlorides, or chro- 
mates, the solution, if it does not contain too much ammonia, throws 
down all the acid, in combination with the silver-oxide. Lead and copper 
reduce the silver from it; tin and iron do not. (Fischer.) 

E. HYPOSULPHITE OF SILVER-OXIDE AND AMMONIA. a. 2(NH 3 ,S 2 2 ) 
-f AgO,S 2 2( ? Precipitated, on adding alcohol to the solution of chloride 
of silver in aqueous hyposulphite of ammonia, in the form of a white 
salt, which must be pressed between paper and dried in vacuo. When 
the remaining liquid is evaporated, an additional quantity of the salt 
separates out in six-sided prisms. It has a pure and very strong sweet 
taste, strong enough indeed to make 32,000 times its own quantity of 
water perceptibly sweet, 100 parts of the salt yield 40-62 parts of 
sulphide of silver when heated. (Herschel.) Easily soluble in water. 
(Herschel.) 

5. NH 3 ,S 2 2 + AgO,S 2 2 ?On > adding to aqueous hyposulphite of 
ammonia a larger quantity of chloride of silver than it is capable of dis- 
solving, a white crystalline powder is produced, which is quite insoluble 
in water; it must be dried in vacuo after the greater part of the water 
has been removed by pressure. It turns black when kept in close vessels, 
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and also when heated, giving off sulphurous acid and forming sulphide of 
silver. It dissolves in aqueous ammonia, forming an exceedingly sweet 
liquid, and is precipitated therefrom by acids in its original state, even 
when the solution is very dilute. (Herschel, Edinb. Phil. J. 1, 398.) 

F. SULPHITE OP SILVER-OXIDE AND AMMONIA. Formed by dissolving 
ilver-oxide or its sulphite in aqueous sulphite of ammonia. The solu- 
ion, when exposed to sunshine, deposits a film of metallic silver, and is 
converted into sulphate of ammonia. (Fourcroy.) 

Or. ARGENTO - HYPOSULPHATE OF AMMONIA. Aqueous hyposul- 
phate of silver-oxide supersaturated with ammonia, soon yields small 
crystals. (Heeren, Pogg. 7, 192.) The solution of hyposulphate of 
silver-oxide in warm ammonia yields, on cooling, small shining rhombic 
prisms whose four lateral edges are truncated. They turn grey when 
exposed to light, and when heated yield water, ammonia, sublimed 
sulphite of ammonia, and finally a small quantity of free sulphuric acid, 
and leave a residue of sulphate of silver-oxide. They dissolve in water 
without decomposition. (Rammelsberg, Pogg. 58, 298.) 

Crystallized. Rammelsberg. 
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H. ARGENTO-SULPHATE OP AMMONIA. The saturated solution of 
sulphate of silver-oxide in warm concentrated ammonia yields, on 
cooling, transparent and colourless crystals, belonging to the square 
prismatic system. Fly. 31 ; p : 6=127 to 327 13'; q:r=l35 2 . The 
crystals are permanent in the dark, but blacken on exposure to light. 
They dissolve readily in water and in aqueous ammonia, and separate 
therefrom unaltered on cooling. From their aqueous solution, potash 
throws down Berthollet's fulminating silver. (C. G. & E. Mitscherlich, 
Pogg. 9, 414; 12, 140.) From the aqueous solution supersaturated with 
ammonia, silver is reduced by zinc, cadmium, lead, copper, antimony, 
and arsenic, bat not by tin, bismuth., iron, or mercury. (Fischer.) 

Crystallized. C. G. Mitscherlich. 

2KH 3 34 .... 17-90 .... 19-40 

AgO 116 .... 61-05 .... 60-65 

SO 3 40 .... 21-05 .... 21-60 

NH 3 ,A.gO+NH 3 ,SO* .... 190 ~ 100-00 ~. 101-65 

I. AMMONIO-SULPHATE OF SILVER- OXIDE. Anhydrous sulphate of 
silver-oxide absorbs 11*82 per cent, of ammoniacal gas, very slowly and 
with scarcely perceptible evolution of heat. The compound when heated, 
gives off ammonia, together with a small quantity of sulphite of ammonia. 
It dissolves completely in water. (H. Rose, Pogg. 20, 153.) 
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AgO,SO 3 .... 173 .... 100-00 .... 100-00 



AMMONIO-CHLORIDE OF SILVER. 

K. ARGENTO-SELENIATE OF AMMONIA.- NH 3 ,AgO + NH 3 ,Se0 3 . 
-epared like the corresponding sulphate, and isomorphous with the latter. 
ig. 31; >:e=127 16'. The crystals are likewise transparent and 
lotirless, and gradually evolve ammonia when exposed to the air. 
bey dissolve readily in water and in aqueous ammonia, and crystallize 
tt unaltered as the ammonia evaporates; from the aqueous solution 
>tash throws down fulminating silver. (E. Mitscherlich, Fogg. 12, 141.) 

L. AMMONIO-TODIDE OF SILVER. Unfused iodide of silver absorhs, 
ith evolution of heat, 3 -6 per cent, of ammonia, and forms a white 
mpound, which, on exposure to the air, gives off ammonia and turns 
illow again. (Rammelsberg, Pogg. 48, 170.) 

M. AMMONIO-BROMIDE OF SILVER. Dry bromide of silver does not 
>sorb ammoniacal gas. (Rammelsberg, Pogg. 55, 248.) It dissolves in 
rong ammonia. The solution saturated hot deposits a yellow powder 
i cooling. The solution becomes turbid when mixed with water, and 
Dwly deposits white bromide of silver. Hydrosulphuric acid precipi- 
tes sulphide of silver from it. When evaporated to dryness with 
iryta- water, it leaves a residue from which alcohol dissolves out bromide 

barium. (Bcrthier, Ann. Chim. Phys. 77, 417.) The ammoniacal 
lution deposits, after a while, white, shining crystals, which, when 
iated, are resolved into ammoniacal gas and bromide of silver. (Liebig, 
iliw. 48, 108.) The glistening lamina} which separate as the solution 
>ols, consist of pure bromide of silver, free from ammonia. (Rammels- 
irg.) 

N. ARGENTO-BROMATE OF AMMONIA. Aqueous ammonia, saturated 
it with bromatc of silver-oxide, yields colourless prisms on spontaneous 
raporation. These crystals are decomposed in the air, even in closed 
jsscls, becoming moist, assuming a yellowish colour, and yielding 
trogcn gas, water, arid bromide of silver. When heated, they are 
Lcldenly decomposed, with a hissing noise and scattering of their sub- 
juice, and leave yellow bromide of silver. They are likewise decom- 
>sed by water. (Eammelsborg, Poyy. 52, 94.) 
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0. AMMONIO-CIILORIBE OF SILVER. a. 100 grains of chloride of 
Iver absorb at ordinary temperatures 130 English cubic inches of 
nmonhical gas. (Faraday, Ann. Ghim. Phys. 24, 112.) Fused chloride 
:" silver takes up but little ammonia; the unfuscd compound slowly 
3sorbs, without evolution of heat, and with very slight increase of 
Dlume, from 3 7*31 to 17*91 per cent, of ammonia. (H. Rose, Pogg. 
3, 157.) The absorbed ammonia is again given off at 37*7. (Faraday.) 
/'hen the grey compound is heated in a sealed glass tube, for the 
urpose of obtaining liquid ammonia, it fuses between 88 and 95, 
veils up, begins to boil at 9,0 and gradually becomes white and 
nhydrous. (Niemann, Br. Arch. 36, 10.) 
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6. When a solution of chloride of silver in strong ammonia is left to 
stand in an imperfectly closed vessel, ammonio-chloride of silver sepa- 
rates ont from it in transparent and colourless rhonibobedral crystals, 
often a quarter of inch in length. These crystals blacken when exposed 
to light, even while immersed in the liquid; when exposed to the air or 
immersed in water, they. give off all their ammonia and are converted 
into opaque, friable chloride of silver. (Faraday.) According to Kane 
(Ann. Chim. Phys. 72, 290), white opaque,, rhombic tables are produced., 
which immediately give off their ammonia when exposed to the air. 

The solution of chloride of silver in dilute ammonia does not deposit 
ammonio-chloride of silver on evaporation, but pure crystallized chloride 
of silver. (Faraday.) The solution when heated deposits fulminating 
silver. (Proust.) Sulphite of ammonia boiled with it, throws down all 
the silver in a state of extremely minute division. (Berthier.) On 
passing chlorine gas through the solution, till all the ammonia is decom- 
posed, whereupon detonations of chloride of nitrogen are produced 
the liquid yields a grey precipitate, which turns violet after the ammonia 
is completely decomposed, but like the white chloride of silver, contains 
75 per cent, of silver, dissolves completely in ammonia, and is thrown 
down from it by nitric acid in the form of a white precipitate. (Cavalier, 
J. Pharm. 16, 552.) The precipitate is dark grey at first, then becomes 
light grey, and, after further transmission of chlorine, almost white. 
(Dulk, J. pr. Chem. 3, 237.) Zinc and copper quickly reduce the silver 
from the solution in the form of a greyish black, moss-like powder; lead, 
slowly but completely; cadmium and antimony, slowly and incompletely; 
tin, iron, bismuth and mercury are without action. (Fischer.) 

P. CHLORIDE OF SILVER AND AMMONIUM. Becquerel obtained this 
compound by the galvanic process in octohedrons and tetrahedrons. 
(I. 400.) Chloride of silver dissolves in a strong solution of sal-ammo- 
niac; so likewise does metallic silver, if the air has access to the liquid. 
If the air be excluded, the silver remains bright in the sal-ammoniac 
solution, only a trace dissolving; if the air be admitted, it turns black 
and dissolves, leaving only a grey dust of chloride of silver. On boiling 
silver in a solution of sal-ammoniac, or passing sal-ammoniac va.pour over 
nearly red-hot silver, ammonia [and hydrogen gas?] are evolved. A hot 
solution of sal-ammoniac saturated with chloride of silver yields opaque 
needles of that compound on cooling; a solution saturated at ordinary 
temperatures deposits the greater part of the silver-chloride on the 
addition of water. (A. Yogel, J. pr. Chem. 2, 197.) Carbonate and 
phosphate of silver-oxide dissolve in a hot solution of sal-ammoniac. 
(Brett.) 

Q. ARGENTO-PERCIILORATE OF AMMONIA. The solution of silver- 
perchlorate in aqueous ammonia yields a crystalline compound. (Mits- 
cherlich.) 

R. ARGENTO-NITRITE OF AMMONIA. The solution of silver-nitrite in 
warm concentrated ammonia yields this compound in large crystals on 
cooling. (E. Mitscherlich, Lehrb.) 
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S. AMMONIO-NITRATE OP SILVER-OXIDE. Dry silver-nitrate rap 
absorbs ammoniacal gas, producing a degree of heat which causes i 
fuse, and is converted, by taking up 22*55 per cent, of ammonia, intt 
wlnte, coherent mass. This compound gives up its ammonia at a higher 
temperature. It is completely soluble in water. (H^Rose, Pogg. 
A), 153.) W 
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T. AIIGENTO-NITRATE OF AMMONIA. This compound easily separates 
from a solution of silver-nitrate supersaturated with ammonia. The 
crystals blacken when exposed to light, and are easily soluble in water. 
(C. GK Mitscherlich, Pogg. 9, 413.) They fuse when "heated, give off 
nitrogen gas and ammonia, and yield metallic silver, which forms a spe- 
cular coating on the sides of vessel, while nitrate of ammonia remains in 
solution : 

3(AgNH 2 + NH3,HO,N0 5 ) = 3Ag + 2NH 3 + N + 3(frH 3 ,HO,NO 5 ). 

(Kane, Ann. Ghim. Phys. 72, 288.) The first drop of ammonia added to 
a neutral solution of silver-nitrate, produces no precipitate, but renders 
the liquid strongly alkaline, without, however a imparting to it the odour 
of ammonia. A solution supersaturated with ammonia and evaporated 
to dryness, gives off nothing but the excess of ammonia, and leaves 
crystals of the double salt, whose solution exhibits an alkaline reaction. 
The same compound [probably containing free nitrate of .silver-oxide ?] 
is obtained by dissolving silver-oxide in nitrate of ammonia. (Wetzlar, 
Schw. 53, 103.) Protosulphide of phosphorus added to the aqueous 
solution of this salt, throws down a blackish grey substance, chiefly con- 
sisting of sulphide of silver. (Berzelius, 'Ann. Pharm. 46, 140.) Zinc, 
cadmium, tin, lead, copper, and arsenic, reduce the silver from it with the 
greatest rapidity, because their oxides are soluble in ammonia; mercury 
and antimony act less quickly; bismuth and iron not at all. (Fischer.) 
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According to Kane, this compound should be regarded as AgNH 2 -f 
%NH 3 , HO, NO 5 . 

Since ammonia forms soluble compounds with all silver-salts, there 
probably exist a greater number of double salts composed of argentate of 
ammonia and another ammoniacal salt; perhaps, however, the two salts 
often remain mixed without entering into chemical combination. Accord- 
ing to Wetzlar, a solution of silver-oxalate in ammonia leaves silver- 
oxalate free from ammonia on evaporation. 



SILVER AND POTASSIUM. 

A. ALLOY OF SILVER AND POTASSIUM. Potassium acts rapidly on 
heated silver; water extracts potash from the compound, and leaves the 
TOL. vi. N 
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silver behind, (H. Davy.) Serullas did not obtain any alloy 0f Silver 
and potassium by igniting silver with crude tartar. 

B. ARGENT ATE OP POTASH. Hydrate of potash fused for 10 minutes 
in a silver crucible becomes yellowish, and, when dissolved in water after 
cooling, deposits a black mixture of silver and silver-oxide; the solution 
does not contain silver. (Chodnew, J. p. Ckem. 28, 222.) 

C. CARBONATE or SILVER-OXIDE AND POTASH. Cold aqueous carbo- 
nate of potash dissolves a small quantity of carbonate of silver-oxide 
(and likewise, though still less, of chloride of silver). The solution, if 
heated, yields a precipitate blackened by organic matter from the filter. 
(Wittstein, Repert. 81, 145.) 

D. SULPHIDE OP SILVER AND POTASSIUM. Becquerel obtained this 
compound by the galvanic process (1.401, 402) in splendid prisms. 

E. HYPOSULPHITE OF SILVER-OXIDE AND POTASH. When an aqueous 
solution of hyposulphite of soda is saturated with chloride of silver, and 
a strong solution of caustic potash, or of carbonate, sulphate, or nitrate 
of potash added to it, the double hyposulphite is precipitated in small 
pearly scales, which must be washed with cold water and then dried; 
they have a very sweet taste, fuse and turn black when heated upon 
charcoal before the blowpipe, and yield silver surrounded with a mass of 
salt; they are slightly soluble in water. (Herschel.) 

F. SULPHITE OF SILVER-OXIDE AND POTASH. Sulphite of silver-oxide 
dissolves in aqueous sulphite of potash. 

G. SULPHATE OF SILVER-OXIDE AND POTASH. Sulphate of potash 
fused with sulphate of silver-oxide solidifies in a crystalline mass. (H. 
Rose, Pogg. 52 ; 463.) 

H. IODIDE or SILVER AND POTASSIUM. Iodide of silver dissolves 
readily in cold, still more readily in hot aqueous iodide of potassium. 
Water and alcohol precipitate it from the solution. a. Bibasic. A con- 
centrated solution of iodide of potassium, partially saturated while hot 
with iodide of silver, solidifies on cooling in a white crystalline mass, 
which liquefies ajrain when heated. The crystals when pressed and dried 
have the composition given under a. 

b. Monobasic. From a highly concentrated solution of iodide of 
potassium completely saturated with iodide of silver, this compound 
crystallizes in white needles on cooling. The analysis of these needles is 
given under b, a. Their solution in hot alcohol yields, on cooling, white 
needles, which turn yellow on drying, and blue when exposed to light. 
Their analysis is given under b. /3. (Boullay, Ann. Chim. Phys, 34, 377.) 
On saturating potash-ley with iodine, then evaporating, and fusing in a, 
silver crucible, a large quantity of silver is dissolved; the solution of the 
mass in a small quantity of water deposits iodide of silver on the addition 
of a larger quantity. (Anthon, Repert. 43, 174.) 

Boullay. 
a. 

2KI 330-4 .... 58-54 .... 61-17 

Agl 234-0 .... 41-46 .... 38'83 

2KI,AgI ........ 564-4 .... 100-00 ~ 100*00 
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I. CHLORIDE OF SILVER AND POTASSIUM. Beequerel obtained this 
compound by the galvanic method (I. 401) in tetrahedrons and octo- 
hedrons. Chloride of silver behaves with chloride of potassium in the 
same manner as with chloride of sodium. (Wetzlar.) 

IT K. NITRITE OP SILVER-OXIDE AND POTASH. Obtained by aiding 
nitrite of potash in excess to a solution of silver-nitrate, and evaporating 
over sulphuric acid. Crystallizes in rhombic prisms of about 50, with 
several modifications. Yellowish, permanent in the air; resolved at a 
gentle heat into the silver and potash salts ; if more strongly heated, and 
then digested in water, it yields metallic silver. The former decompo- 
sition is likewise produced by water. (Fischer, Pogg. 74, 115.) *[f 

SILVER AND SODIUM. 

A. Borax dissolves silver-oxide and likewise metallic silver in the 
outer blowpipe flame, and, on cooling, becomes opalescent or milk-white, 
according to tho quantity; in the inner flame, it turns grey from reduction 
of silver. (Berzelius.) 

B. With microcosmic salt, both silver-oxide and the metal form in the 
outer flame, a yellowish, or if the quantity of silver "be considerable, an 
opalescent glass, which appears yellowish by transmitted day-light, and 
reddish by transmitted candle-light. In the inner flame it turns grey by 
reduction. (Berzelius.) 

If C. MKTAi'iiospirATK OF SiLVRu-oxiDK AND SODA. Formed by 
mixing a solution of .silver-nitrate with excess of metaphosphate of soda, 
and leaving the solution to crystallize for 2 or 3 days. Beautiful trans- 
parent crystals are then formed, belonging to the oblique prismatic 
system. They contain f If) 1 0/3 per cent, of metaphospliate of silver-oxide 
and 0'8(> of inelaphosphutc of soda, corresponding to the formula 
-AgO,PO f> H-NaOjPO' 1 . When, on the contrary, mctu.pliosph.ate of soda 
is mixed with a large excess of silver-nitrate, smaller crystals are formed, 
consisting merely of metaphosphate of silver- oxide, o(AgO,aPO 5 ) + 2Aq. 
(See p. 1 JO). (Fleitrnann. & Henncberg, Ann. Pkann. 6f>, 310 ) IT 

I). ilYPosuLrniTK or SILVER-OXIDE AND SODA. a. 2(NaO,S 2 2 ) + 
Ag(),S a ()~. 1. Formed by evaporating a solution of silver-chloride in 
aqueous hyposulphite of soda at a gentle heat, till it crystallizes. The 
crystals arc, contaminated with a considerable quantity of sulphide of 
silver, (llerschel, Hdinl*. Ph.il. J. 1, 398.) 2. By saturating a concen- 
trated solution of hyposulphite of soda with chloride of silver, which 
may have free acid adhering to it, till the liquid becomes turbid by 
deposition of a white powder, then filtering, precipitating by alcohol, 
washing the laminar precipitate with alcohol till the liquid which runs 
off contains no more chlorine, and drying it as quickly as possible in 
vacuo without application of heat. (Lenz.) 3. By adding a neutral 

N 2 
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solution of silver-nitrate, drop by drop, to aqueous hyposulphite of soda 
till a permanent precipitate of salt b begins to appear, then filtering, 
precipitating by alcohol, and proceeding as in 2. (Lenz, Ann. Pharm. 
40, 94.) 

Silky laminse united in tufts, and having a very sweet taste. (Hers- 
cliel.) On evaporating the aqueous solution in vacuo, large laminae are 
obtained ; but, if the salt be precipitated from its aqueous solution by 
-alcohol, then heated till it re-dissolves, and left to cool, fibrous needles 
are formed having the same composition. 

The salt is not altered by air or light. At 100 it gradually becomes 
darker, from formation of sulphide of silver. The aqueous solution, 
when boiled for a long time, likewise deposits sulphide of silver and turns 
sour. Hydrochloric acid acts slowly on the aqueous solution at ordinary 
temperatures, forming a black precipitate from which ammonia extracts 
chloride of silver. (Lenz.)- The salt dissolves readily in water (Herschel); 
it is easily soluble in ammonia, and likewise, to a certain extent, in 
alcohol, especially if the alcohol be warm or diluted with water. (Lenz.) 

Crystallized. Lenz. 

2NaO 62-4 .... 18-33 .... 18-44 

AgO 116-0 .... 34-08 .... 33-50 

3S 2 2 144-0 .... 42-30 .... 43-01 

2HO 18-0 .... 5-29 .... 5-05 



340-4 .... 100-00 ... 100-00 

b. NaO,S 2 2 +AgO,S 2 2 . 1. The above solution of chloride of silver 
in hyposulphite of soda, when cooled after the salt a lias separated from 
it, yields small, hard, strongly shining, flat, six-sided prisms, bevelled 
with two faces. They have a sweet taste, fuse when heated, turning 
black and yielding sulphide of silver, and are slightly soluble in water. 
(Herschel.) 2. The same compound is obtained by adding a neutral 
solution of silver-nitrate to aqueous hyposulphite of soda, as long as a 
precipitate forms. The precipitate, which is flocculent at first, soon 
becomes crystalline, turns somewhat brown in washing, and after drying, 
assumes the appearance of a dingy white crystalline powder. It turns 
black when boiled with water, or on exposure to the air, and is then no 
longer soluble in hyposulphite of soda, although in the undecomposed 
state it dissolves completely in that salt, forming a solution which con- 
tains the salt a; in its original state, it is likewise easily soluble in 
ammonia, but sparingly in water. (Leiiz.) 
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E. SULPHITE OF SILVER-OXIDE AND SODA. Analogous to the potash- 
compound. 

F. CHLORIDE OF SILVER AND SODIUM. 1. Fused chloride of sodium 
dissolves chloride of silver; and the mixture solidifies at a dull red heat, 
forming a transparent, slightly coloured glass, which has a saline, non- 
metallic taste, turns violet on exposure to light, and is decomposed by 
water. (Boussingault, Ann. Chim. Phys. 54, 261.) 2. By saturating a 
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strong boiling solution of chloride of sodium with precipitated cl\l o *. 
silver, a solution of chloride of silver and sodium in aqueous cKlo:r*vj ^ 
sodium is obtained, from which the double chloride crystallizes on o r ^ 
mixed, however, with a small quantity of free chloride of socLlnxxi 1D ?' 
more dilate solution of common salt likewise takes up chloride O jf ~ 
on boiling, but deposits it again unchanged on cooling, inasmuclx a 
excess of water exerts a decomposing action on the double chloride. 
which are undistinguishable from those of common salt, and do not 
" 



c 

when exposed to light. "When immersed in water, they are resol-v~ecl * t** 
chloride of silver and a dilute solution of common salt. With aoo. * 



saturated solution of common salt, the double chloride forms a, 
from which water throws down chloride of silver, but whicli. 
precipitated either by green vitriol or by potash. (Wetzlar, Sc7wv. . 

53, 97.) 3. Becquerel obtained this compound by the galvanio ^pr-o </ 
in tetrahedrons and octohedrons. (I. 401.) ' Ss 

^ G. NITRITE OF SILVER-OXIDE AND SODA. Analogous to th.o nitrite 
of silver-oxide and potash. (Fischer.) IT 



SILVER AND BARIUM. 

A. ALLOY OF SILVER AND BARIUM. . Clarke (Gill. 62_, STs) "by 
heating silver and baryta together before the oxy-hydrogen t>lo^\rpipe s 
obtained a greyish-white, strongly shining, hard, and very malleable 
alloy, which fell to powder when exposed for a while to the air. >_ JLam- 
padius (Schw. 15, 146), by exposing a mixture of 4 pts. silver, 4 "baryta, 
and 1 charcoal-powder, to a white heat, obtained an alloy "w-Hicii^ on 
exposure to the air, was reduced to a powder consisting oi baryta, and 
silver-oxide [?]. 

B. CHLORIDE OF SILVER AND BARIUM. Obtained by the gaJ vanic 
process in octohedrons and tetrahedrons. (Becquerel.) 

^f C. NITRITE OF SILVER-OXIDE AND BARYTA. Analogous -fco the 
potash-salt. (Fischer.) If 

SILVER AND STRONTIUM. 

HYPOSULPHITE OF SILVER-OXIDE AND STRONTIA. Chloride of silver 
immersed in an aqueous solution of hyposulphite of strontia, is coxi verted 
into a white powder, very slightly soluble in excess of hyposu-lplii-fce of 
strontia, but easily in ammonia, with which it forms an intensely s^veet 
liquid. (Hcrschel.) 



SILVER AND CALCIUM. 

A. HYPOSULPHITE OF SILVKR-OXIDE AND LIME. a. Aqueous 
suljihito of lime, saturated with chloride of silver, forms, on agi 
with a large quantity of alcohol, a white precipitate, which xnust be 
washed with alcohol till all the chloride of calcium is removed^ then 
pressed, and dried in vacuo. White, very sweet, easily soluble iii 'water, 
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with the exception of a residue arising from decomposition during drying. 
(Herschel.) 

&. When to a solution of hyposulphite of lime already saturated with 
chloride of silver, a further quantity of that compound is added, the latter 
ia immediately converted into a bulky, white, crystalline powder. The 
wash-water, evaporated at a gentle heat, yields very oblique prisms of 
the double salt. This compound decomposes slightly when kept. It 
dissolves very sparingly in water, but abundantly in ammonia, with 
which it forms a very sweet liquid. (Herschel.) 

B. CHLORIDE OP SILVER AND CALCIUM. Chloride of silver dissolves 
in a strong solution of chloride of calcium. (Wetzlar.) 

SILVER AND SILICIUM. 

A. ALLOY OF SILICIUM AND SILVER. Silver heated with silicium 
before the blowpipe, forms a malleable alloy, which dissolves in acids, 
leaving a small residue of silica. (Berzelius, Pogg. 1, 220.) 

B. CARBIDE OF SILICIUM AND SILVER. Silver, mixed with silica and 
lamp-black, a.nd exposed to the heat of a forge, takes up a certain quantity 
of silicium and carbon. (Stromeyer.) 

G. FLUORIDE OF SLLICUM AND SILVER. AgF 5 SiF 2 . A solution of 
silver-oxide in hydrofluosilic acid, yields granular crystals, which deli- 
quesce in the air. Ammonia added to the solution throws down a light 
yellow basic salt, which, when treated with excess of ammonia, is con- 
verted into Silicate of Silver-oxide. 

D. Silver-oxide imparts a yellow colour to glass fluxes. 

SILVER AND TANTALUM. 
TANTALATE OF SILVER-OXIDE.* White, insoluble precipitate. 

SILVER AND TUNGSTEN. 

A. ALLOY OF SILVER AND TUNGSTEN. Pale brown alloy, somewhat 
spongy and malleable. (De Luyart.) 



B. TUNGSTATE OF SlLVER-OXIDE, Or SlLVER-TUNGSTATE. J 

Alkaline bitungstates added to solution of silver- nitrate, throw down an 
anhydrous white powder. This powder turns brown when gently heated, 
greenish-brown at a stronger heat, and at a bright red heat is converted 
into a coherent mass having the metallic lustre. In the unignited state, 
it does not dissolve in water, scarcely at all in phosphoric or acetic acid, 
more readily in ammonia and in potash, and with a brownish colour in 
oxalic acid. (Anthon, J. yr. Chem. 9^ 347.) 

Anthon. 
AgO ........................ ;i!6 .... 32-58 .... 31 

2W0 3 .................... 240 .... 67'42 .... 69 

AgO,2W0 3 ............ 356 ~ 100-00 1, 100 
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C. SULPHOTXJNGSTATE OP SILVER. AgS,WS 3 . Dark brown precipi- 
tate which soon turns black, gives off sulphur when distilled, and leaves a 
lead-grey residue. (Berzelius.) 



SILVER AND MOLYBDENUM. 

A. ALLOY OF SILVER AND MOLYBDENUM. 1 pt> of silver forms 
2 parts of molybdenum, a grey, granular, brittle alloy. 

B. MOLYBDATE OF SlLVER-OXIDE, Or SlLVER-MOLYBDATE. Molybdate 

of potash forms with nitrate of silver -oxide, a greenish- white precipitate, 
slightly soluble in water, (liichter.) Molybdic acid forms with nitrate of 
silver-oxide, a white, flaky precipitate. (Scheeie.) This precipitate is 
slightly soluble in nitric acid. (H. ilose, Poyg. 40, 400.) 

^f Monomolybdate. Neutral inolybdate of potash forms with nitrate 
of silver-oxide, a yejlo wish- white, flocculent prejipitate, which darkens 
when exposed to light. It is sparingiy soluble in pure water, but dis- 
solves readily in water containing nitric acid. (Svanberg & Struve, Ann. 
Pharm. 68, 299.) 

Dried at 100. Svanberg & Struve. 

AgO 116 .... 62-34 .... 61-33 

MoO 3 72 .... 37-66 .... 38-67 

AgO,MoO 3 ........ 188 ~. 100-00 Z lOO'OO 

I. Acid Ifolyldate. Termolybdate of potash forms with nitrate of 
silver-oxide, a flocculent., yellowish-white precipitate of somewhat variable 
composition, but agreeing best with the formula, AgO, 3j\Io0 3 -j-AgO, 
2Mo0 3 . 

Svanberg & Struve. 

2AgO 232 .... 39*19 .... 39'75 to 41-14 

5MoO 3 360 .... 6'0-Sl 

AgO,3Mo0 3 + AgO,2MoO 3 592 .... 100'OG 

(Svanberg & Struve, Ann, Pharm. 68, 299.) IT 

C. SULPHOMOLYBDATE op SILVER. AgS,MoS 3 . Black precipitate, 
which, after drying, is rendered lead-grey and shining by pressure. 
(Berzelius, Pogg. 7, 277.) 

D. PERSULPHOMOYBDATE OF SILVER. AgS,MoS 4 . Very dark brown 
precipitate, which turns black when collected, (Berzelius, Pogg* 7, 288.) 



SILVER AND VANADIUM. 

VANADIATE OP SILVER-OXIDE, or SILVER- VANADIATE. a. Monobasic. 
Neutral nitrate of silver-oxide, decomposed by monovanadiate of 
ammonia, yields a white or pale yellow precipitate. When the silver- 
solution is mixed with powdered vanadiate of ammonia, the precipitate 
formed is yellow at first, but turns white after being stirred for some 
time; and if the mixture be warmed or left to stand for 24 hours, becomes 
yellow again, though paler than at first. If the silver-solution be pre- 
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cipitated by the dissolved ammonia-salt, the precipitate obtained is yellow 
and very gelatinous. (Berzelius.) 

6. Bivanadiate. Aurora-red ; fuses below a red heat and crystallizes 
on cooling. Slightly -soluble in water, easily in nitric acid and in very 
dilute ammonia. The latter solution is pale yellow, and when left to 
spontaneous evaporation, yields crystals of an ammoniacal double salt. 
(Berzelius.) 

SILVER AND CHROMIUM. 

CHROMATE OF SILVER-OXIDE, or SILVER-CHROMATE. a. Monochromate. 
Silver-oxide abstracts chromic acid from aqueous monochromate of 
potash, leaving the liquid alkaline; even a large excess of the oxide. does 
not remove the whole of the acid, unless it is added in the state of 
ammoniacal solution. (Fischer, Kastn. Arch. 9, 351.) 1. This compound 
remains, on boiling the bichromate of silver-oxide with water, in the 
form of a dark green, crystalline mass, which appears green by trans- 
mitted light, but yields a red powder. (Warington.)- 2. The solution of 
the bi-acid salt in aqueous ammonia, becomes covered, if left to spon- 
taneous evaporation, with a dark-green, metallic-looking crust of the 
monochromate, which appears red by transmitted light, and yields a red 
powder. (Warington, Phil. Mag. J. 11, 489; also Ann. Pkarm. 27, 12; 
also J. pr. Chem. 12, 338.) The product thus obtained consists of scales, 
laminae, or fine needles (Hayes likewise obtained needles), of a brown, 
yellowish -brown, or greenish-brown colour, dark red by transmitted 
light, immediately converted into chloride of silver by hydrochloric acid, 
common salt, or sal-ammoniac, insoluble in water, but soluble in acids, 
ammonia, and chromate of potash. (Fisher, Kastn. Arch. 9, 355.) 

Warington (1). 

AgO 116 .... 69-05 .... 68-57 

CrO 3 52 .... 30-95 .,.. 30-76 

AgO.CrO 3 168 .... lOO'OO ~I 100*00 

The precipitate obtained by adding monochromate of potash to . a 
neutral solution of silver-nitrate probably also belongs to this head, 
although it exhibits no green colouring. This precipitate is of a deep 
purple-red colour, finely crystalline, and darkens when exposed to light. 
In the outer blowpipe flame, it fuses to a bead which exhibits the metallic 
lustre, but still yields a purple powder ; in the inner flame it is reduced 
to chromic oxide and metallic silver. (Vauquelin.) Several metals, when 
immersed for some time in water in contact with silver- chromate, exert 
a reducing action upon it. (Vauquelin.) Cadmium separates pure silver; 
zinc separates black-brown, arborescent silver mixed with chromium [?] ; 
tin, lead, and iron, a brown spongy powder, probably containing chromate 
of silver-oxide as well as metallic silver ; and arsenic, a powder having 
more of a green tinge, arising from the presence of chromic oxide; copper 
and mercury act very feebly upon it; tin and antimony not at all. When 
decomposition takes place, the water acquires a yellow tinge, from the . 
presence of chromic acid. (Fischer, Pogg. 8, 488.) Monochromate of 
silver-oxide is decomposed by hydrochloric acid, hydrochlorates, and 
sulphates. (Hayes.) It is insoluble in water, but dissolves in acids, 
alkalis, and alkaline' chromates. (Fischer, Kastn. Arch. 9, 355.) 

b. Bichromate, 1. A plate of silver immersed in an aqueous solution 
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of 3 pts. bichromate (or monochromate) of potash, and from 3 to 4 pts. of 
oil of vitriol^ becomes covered with scarlet crystals. The crystalline film 
must be frequently removed, otherwise it will interfere with the action. 
The silver is oxidized at the expense of part of the chromic acid, which, 
being reduced to chromic oxide (part of which forms chrome-alum), colours 
the liquid first brown and then green. (Warington.) The formation of 
the crystals is remarkably accelerated by the heat of the summer sun. 
(Zeller, JRepert. 71, 250.) Helrnsauer (Repert. 38, 105), had previously 
obtained crystals in this manner, from an aqueous mixture of sulphuric 
and chromic acids with silver; but he regarded them as composed of sul- 
phate and chromate of silver-oxide. 2. The same compound is obtained 
on mixing a solution of silver-nitrate with bichromate of potash. Waring- 
ton uses an acid solution of silver -nitrate, and obtains a purple-red 
crystalline precipitate. Zeller boils the mixture for a while, filters, and 
in that way obtains crystals. It had been previously observed by Vau- 
quelin, that the precipitate formed by monochr ornate of potash in an acid 
solution of silver-nitrate, has a particularly fine red -colour; and the same 
was observed by Moser in the precipitate obtained with the silver solution 
and bichromate of potash. From a mixture of [acid?] solution of silver- 
nitrate and chromate of potash, filtered from the precipitated silver- 
chromate, Teschemacher obtained, after leaving the liquid to stand for a 
long time, distinct crystals, which will be presently described. 3. Amix- 
.ture of silver-nitrate and chromic acid yields ruby-red crystals. (Moser;) 
4. The solution of the monobasic salt in nitric acid yields red crystals 
on evaporation. (Vauquelin.) 5.' Rhombic tables are likewise obtained 
by evaporating the solution of the salt in warm water; they are dark 
brown by reflected, and carmine-coloured by transmitted light (Waring- 
ton); steel-grey by reflected, ruby-red by transmitted light. (Moser.) 
6. " The filtrate obtained by boiling the salt with water, deposits the salt 
in red micaceous laminae on cooling. (Warington.) 

The salt crystallizes in laminae and prisms belonging to the doubly 
oblique prismatic system. Fig. 121 : y ' u = 69 55'; y : ^ = 123; u : v = 
10.1 5'. They have a strong metallic lustre, and appear dark red by 
transmitted light, like Red Silver-ore. (Teschemacher, Pliil. Mag. Ann. 
1, 345; also Schw. 50, 254.) The salt prepared by (1) forms scarlet 
Thombic laminae, often with two truncated summits (Warington); ruby- 
red transparent prisms (Helmsauer); by (2), on mixing the solutions hot, 
and leaving the filtrate to cool : shining, carmine-coloured, micaceous 
laminae (Zeller); by (2), the liquids being mixed cold; carmine-coloured 
crystalline powder (Vauquelin), which, when examined" by the microscope, 
is found to consist of rhombic laminae (Moser) : 

Crystallized (1.) Warington. 

AgO 116 ...; 52-73 .... 52-1)5 

2CrO 3 104 .... 47-27 ..... 46*80 



AgO,2Cr0 3 220 .... lOO'OO .... . 99*75 

The salt heated before the blowpipe yields an emerald-green bead 
(Teschemaeher) ; when strongly ignited, it yields chromic oxide and 
metallic silver. (Helmsauer.) It dissolves sparingly in water, forming a 
bright yellow solution, which reddens litmus, and yields crystals on eva- 
poration. When boiled with water, it is resolved into dark green mono- 
chromate of silyer-oxide and an acid solution, which,- on cooling, again 
yields crystals of bichromate of silver- oxide. It is easily soluble in nitric 
acid and ammonia. (Warington,) 
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B. ARGENTQ-CHROMATB OF AMMONIA, NH 3 , AgO + NH 3 ,Qr0 3 ." 
Formed by dissolving chromate of silver-oxide in warm concentrated 
ammonia, and leaving the solution to crystallize by cooling. Yellowy, 
transparent crystals, isomorphous with those of the argento-sulphate and 
argento-seleniate. Fig. 31: p i 127 47'. When exposed to the air 
it gives off ammonia much more quickly than the argento-seleniate, and 
gradually acquires a red colour. Potash, added to its aqueous solution, 
throws down fulminating silver. (E. Mitscherlich, Pogg. 12, 141.) From 
a solution of silver-chromate in ammonia, zinc throws down metallic silver 
and chromium; cadmium precipitates, nothing but silver; copper quickly 
precipitates a grey powder, probably a mixture of silver and chromic 
oxide; lead throws down pure silver at first, but afterwards a black den- 
dritic powder. In this reaction, the ammonia, if not in excess, does not 
dissolve a trace of the precipitating metal. Tin, iron, and mercury, have 
no action on the salt. (Fischer, liastn. Arch. 8, 488.) 



SILVER AND URANIUM. 

URANATE OP SILVER-OXIDE. 1. Ammonia added, not in excess, to 
an aqueous mixture of uranic nitrate and excess of silver- nitrate, throws 
down a yellowish red compound, which, after drying in vacuo, may be 
heated without undergoing any change beyond the loss of a trace of 
water, and contains a quantity of silver-oxide, varying from 24*65 to 27*89 
per cent. (Rammelsberg, Pogg 59, 10.) 2. Acetate of uranic oxide and 
silver-oxide yields uranate of silver-oxide when boiled with xvater. The 
latter becomes light brown on ignition, and is decomposed by hydrochloric 
acid, yielding chloride of silver and hydroehlorate of uranio oxide. (Wer- 
theim, /. pr. Ckem. 29, 221.) 

SILVER AND MANGANESE. 

r PERMANGANATE OF SILVER-OXIDE. A warm solution of permanganate 
of potash, mixed with solution of silver-nitrate, yields, on cooling, large, 
anhydrous crystals, belonging to the oblique prismatic system. JFig. 88 : 
u' : u 112" 7'; i : w=92 - 12'. They dissolve in 109 pts. of cold water, 
in a much smaller quantity of hot water, and may be recovered by gentle 
evaporation, though decomposition takes place on boiling. (Mitscherlich, 
Pogg. 23,301.) 

SILVER AND ARSENIC. 

A. ARSENIDE OF SILVER. According to Gehlen, 100 parts of 
pulverulent silver, heated with an equal quantity of arsenic, take up, 
without visible combustion, about 16 parts of the latter, and form a com- 
pact, steel-grey, brittle, fine-grained mass. According to Bergman, silver 
in the fused state takes up ^th of its weight of arsenic, becoming yellow 
and brittle. Silver and chloride of silver do not act upon arsenious acid 
at high temperatures. (Gehlen.) 

B. ARSENITE OF SILVER-OXIDE, or SILVER-ARSENITE. Arsenite of 
potash or ammonia throws down a yellow powder from solution of silver^ 
nitrate. Free arsenious acid produces only a white turbidity, the yellow. 
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precipitate appearing only on the cautious addition of the alkali. The 
yellow powder turns brown on exposure to light. When dried at a gentle 
heat, it still remains yellow; if it be then more strongly heated, it turns 
black, still giving off a small quantity of water and arsenious acid (accord- 
ing to Marcet, a dark brown basic salt is produced). On igniting it in a 
glass-tube till the glass softens, a larger quantity of arsenious acid 
sublimes, and the residue is a mixture of silver free from arsenic, and 
arseniate of silver-oxide. (Simon, Pogg. 40, 419.) The salt heated on 
charcoal before the blowpipe, yields a globule of silver. It is insoluble in, 
water, but dissolves in acids, in nitric acid, for instance, and when recently 
precipitated, also in. ammonia. (Marcet, Ann. Phil. 3, 236; also Schw. 13, 
110.) It dissolves in acetic acid more readily than the phosphate of 
silver-oxide. (H. Rose.) It dissolves imperfectly, leaving a dingy yellow 
residue, in carbonate, sulphate, and nitrate of ammonia; by immersion in 
a solution of sal-ammoniac, it is converted into chloride of silver. (Witt- 
stein, JRepert. 51, 41.) Arsenite of silver-oxide is not converted into 
arseniate, even by repeated boiling with nitric acid. (Laugier & Pelletier, 
J. Pharm. 11, 387.) 

IT By pouring a solution of arsenious acid into an amnioniacal solution 
of silver-nitrate, Filhol obtained a salt, having the composition, 3AgO, 
AsO 3 . This salt is of a siskin-yellow colour, soon turning green on 
exposure to light. It is difficult to deprive it of the whole of its water; 
at 140 150, it suddenly assumes a fine black tint, and loses only 0'2 
per cent, in weight; at a stronger heat it fuses, and gives off arsenious 
acid. (Filhol, Ann. Pkarm. 68, 311.) IF 

C. ARSENIATE OP SILVER-OXIDE, or SILVER-ARSENIATE. a. Terbasic. 
Formed by precipitating a solution of silver-nitrate with arsenic acid, 
or with monobasic, bibasic, or terbasic arseniate of ammonia, potash, or 
soda. Arsenic acid and mono-arseniate of potash precipitate silver-oxide 
imperfectly, because the acid which is set free retains part of the salt in 
solution. (Scheele.) When a bibasic alkaline arseniate is used, the 
supernatant liquid becomes acid (Mitseherlich) ; with a terbasic salt it 
remains neutral. (Graham.) The precipitate carries down with it a 
small quantity of silver-nitrate, which cannot be completely removed by 
washing; but if the liquid contains nitrate of ammonia, no nitrate of 
silver-oxide mixes with the precipitate; moreover, the latter, when 
brought in contact with a pure solution of silver-nitrate, does not take up 
any of it ; hence it would appear, that arseniate of silver-oxide can only 
take up the nitrate at the very instant of precipitation. (Graham.) 
Dark brown-red precipitate. When heated in a retort till the glass 
softens, it fuses without decomposition, and forms a brown mass, trans- 
lucent at the edges ; by still stronger ignition in a covered crucible, it 
yields metallic silver. (Scheele.) On charcoal before the blowpipe, it 
yields arsenical silver. (Simon.) Hydrochloric acid converts it into 
chloride of silver. It is insoluble in water, but dissolves in aqueous 
ammonia. (Scbeele, Opusc. 2, 52.) Dissolves readily in carbonate of 
amniouia, but not in sulphate, nitrate, or succinate of ammonia, even on 
the application of heat. (Wittsteiu.) Dissolves very sparingly in nitrate 
of ammonia, more freely in acetic acid. (Graham.) 

Smith son. 

3AgO 348 .... 75-16 .... 76-69 . 

AsO 5 115 .... 24-84 .... 23'31 

3AgO,AsO 5 .... 463 .... 10CFOO ~ 100-00 
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b. Acid Arseniate. Aqueous arsenic acid has no action on silver; but 
when the acid is fused with silver., arsenious acid sublimes, and there is 
formed a nearly transparent, colourless glass, from which water extracts 
arsenic acid, together with a small quantity of silver-oxide, leaving 
behind the brown-red salt a. (Scheele.) 

D. SULPHARSENITE OF SILVER. a. Twelve-basic. 12 AgS, AsS 3 . 
The yellow precipitate formed on mixing an ammoniacal solution of chlo- 
ride of silver with excess of solution of orpiment in aqueous potash. If 
the chloride of silver solution is in excess, nothing hut sulphide of silver 
separates out. (Berzelius.) 

1. Terlasic. 3 AgS, AsS 3 . Found native in the form of Light Red 
Silver. 3 At. sulphide of silver unite by fusion with 1 At. of tersulphide 
of arsenic, the action being attended with evolution of light and heat; and 
form a translucent, cochineal-coloured mass. This mass, when fused in 
an atmosphere of hydrogen, gives off first sulphide of arsenic, and then 
pure arsenic ; it then solidifies, and does not readily part with the last 
portions of arsenic. (Wbhler, Ann. P/iarm. 27, 159.) 

Light Red Silver, Arsenical /Silver-blende. Crystalline system, the 
rhombohedral. Primary form, an obtuse rhombohedron, Fig. 141 ; 
r 3 :r 5 =107 36'; Fig. 135/145, 148, 158, and other forms. A 
little harder than rock-salt. Sp. gr. from 5 '53 to 5*59. Semi-trans- 
parent, with an adamantine lustre; cochineal or carmine-coloured; streak 
aurora-red. Fuses on charcoal before the blowpipe, diffusing an odour of 
arsenic and sulphurous acid, and forming a black, brittle, metallic bead, 
which yields a button of pure silver, with difficulty when fused alone, but 
easily when treated with carbonate of soda. Potash-ley blackens the 
powder by dissolving out the sulphide of arsenic. Hot nitric acid also 
blackens the powder, and dissolves it partially, leaving a residue of 
sulphur and arsenious acid. 



3Ag 


Light Red Silver. 
324 .... 65-45 


H. Hose. 

From Joachinisthal. 
64-67 


Sb 




0-69 


As 


75 .... 15-15 


15-09 


6S 


96 ... 19-40 


19*51 









3AgS,AS 3 495 .... 100*00 .... 99'9G 

On the Xantfiotone associated with light red silver, vid. Breithaupt & Flattner. 
(J. pr. Chem. 20, 7.) 

c. Bibasic. 2 AgS, AsS 3 . Formed by heating d. Black metallic 
mass, yielding a light brown powder, which is not altered by heating out 
of contact of air. 

d. Monobasic. AgS, AsS 3 . A saturated solution of orpiment in 
hydrosulphate of soda forms with nitrate of silver-oxide a light brown 
precipitate, which soon turns black, and, when heated in close vessels, 
gives off orpiment, then fuses, afterwards gives off more orpiment, and 
is converted into c. (Berzelius, Pogg. 7, 150.) 

E. SULPHARSENIATE OF SILVER. 3 AgS, AsS 5 arid 2 AgS, AsS 5 . 
Both the terbasic and the bibasic sulpharseniate of sodium, when added to 
a silver-solution, first colour it dark brown, and then throw down a black 
mass which .yields a brown powder. This substance, when heated in the 
air, is converted into sulphide of silver by the combustion of the sulphide 
of arsenic, but, if heated to redness in a close vessel, fuses, without 
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evolving sulphur or sulphide of arsenic, and, on cooling, solidifies in tlie 
form of a grey, somewhat ductile cake, exhibiting the metallic lustre. 
(Berzelius, Pogg. 7. 29.) 

SILVER AND ANTIMONY. 

A. ANTIMONIDE or SILVER. Found native. 1. By fusing the two 
metals together, a silver-white, brittle alloy is obtained, whose specific 
gravity is less than the mean of the constituent metals. "When heated in 
the air it gives off antimony, which oxidizes and volatilizes. Neverthe- 
less, according to Bonsdorff, 0*1 per cent, of antimony remains obstinately 
combined with the silver, and gives it a dull, greyish look; it may, 
however, be removed by cupellation with lead. 2. When a solution of 
silver-nitrate is precipitated by antimony, broad, brittle, shining lamina 
of antimonide of silver are formed towards the end of the action ; the 
alloy thus obtained does not fuse at a strong red heat, because the anti- 
monious acid which forms disposes itself between the particles of the 
silver, and prevents their union, till it is volatilized by continued blowing. 
(Fischer, Pogg. 10, 606; Kastn. Arch. 13, 224.) 

Native Antimonide of Silver. Crystalline system the rhombohedral. 
Six-sided prisms with truncated lateral edges. Scalenohedrons (Fig. 1 47). 
similar to those of calcspar. (Breithaupt, Pogg. 7, 527; ScJiw. 52, 169.) 
Specific gravity from 9*4 to 9*8. Harder than calcspar. Silver- white. 
Fuses readily on charcoal before the blowpipe, giving off an antimonial 
fume, which stains the charcoal, and is reduced to a grey, brittle, metallic 
globule, which becomes white after longer blowing, and solidifies, with 
incandescence, to a crystalline globule on cooling; by still longer blowing, 
it is converted into pure metallic silver. Heated in a tube, it yields a 
sublimate of antimonic oxide, and becomes covered with yellow, vitrified 
antimonic oxide. (Berzelius.) In contact with uirric acid, it is resolved 
into a solution of silver-nitrate, and undissolved antimonic nitrate. 



Ag 


Antimonide of Silver. Klaproth. Klaproth. 
At. a. b. At. c. 
.. 4 .... 432 .... 77-01 .... 76 .... 77 6 .... 648 ... 83'4 .... 84 


Sb 


.. 1 .... 129 .... 22-99 .... 24 .... 23 1 .... 129 .... 16'6 .... 16 



Ag 4 Sb 561 ....100-00 ....100 ....100 Ag 6 Sb 777 ....100-0 .... 100 

a. is coarse-grained antimonide of silver from Wolfach ; 5, a lamino- 
granular variety from Andreasberg; c, fine-grained from Wolfach. 

B. ANTIMONIATE OP SILVER-OXIDE. "White precipitate, insoluble in 
water. (Berzelius.) 

C. SULPHANTIMONITE OF SILVER. a. Polylasite. 2 AgS, SbS 3 . 
Part of the silver is replaced by copper, and part of the antimony by 
arsenic. Regular, six-sided prisms, perpendicularly truncated. Specific 
gravity of the ore from Durango := 6*214. Fracture uneven, without 
cleavage-planes. Harder than rock-salt. Has a strong lustre and iron- 
black colour, and yields a powder of the same tint. (H.Rose, Pogg. 
15, 573; 28, 156.) Decrepitates slightly before the blowpipe; fuses very 
easily, yielding sulphurous acid and a film of antimony, sometimes also 
an arsenical fume, especially when fused with carbonate of soda; colours 
glass-fluxes in the same manner as copper. 
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b. Acid Arseniate. Aqueous arsenic acid lias no action on silver; but 
when the acid is fused with silver, arsenious acid sublimes, and there is 
formed a nearly transparent, colourless glass, from which water extracts 
arsenic acid, together with a small quantity of silver-oxide, leaving 
behind the brown-red salt a. (Scheele.) 

D. SULPHARSENITE OP SILVER. a. Twelve-basic. 12AgS, AsS 3 . 
The yellow precipitate formed on mixing an ammoniacal solution of chlo- 
ride of silver with excess of solution of orpiment in aqueous potash. If 
the chloride of silver solution is in excess, nothing but sulphide of silver 
separates out. (Berzelius.) 

b. Terbasic. 3 AgS, AsS 3 . Found native in the form of Light Red 
Silver. 3 At. sulphide of silver unite by fusion with 1 At. of tersulphide 
of arsenic, the action being attended with evolution of light and heat; and 
form a translucent, cochineal-coloured mass. This mass, when fused in 
an atmosphere of hydrogen, gives off first sulphide of arsenic, and then 
pure arsenic; it then solidifies, and does not readily part with the last 
portions of arsenic. (Wohler, Ann. Pkarm. 27, 159.) 

Light Red Silver, Arsenical /Silver-blende. Crystalline system, the 
rhombohedral. Primary form, an obtuse rhombohedron, Fig. 141 ; 
^:r 5 =107 36'; Fig. 135/145, 148, 158, and other forms. A 
little harder than rock-salt. Sp. gr. from 5*53 to 5'59. Semi-trans- 
parent, with an adamantine lustre; cochineal or carmine-coloured; streak 
aurora-red. Fuses on charcoal before the blowpipe, diffusing an odour of 
arsenic and sulphurous acid, and forming a black, brittle, metallic bead, 
which yields a button of pure silver, with difficulty when fused alone, but 
easily when treated with carbonate of soda. Potash-ley blackens the 
powder by dissolving out the sulphide of arsenic. Hot nitric acid also 
blackens the powder, and dissolves it partially, leaving a residue of 
sulphur and arsenious acid. 
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3AgS,AS 3 495 .... 100*00 .... 99'96 

On the XantJiotone associated with light red silver, vid. Breithaupt & Plattner. 
(J. pr. Chem. 20, 7.) 

c. Bibasic. 2 AgS, AsS 3 . Formed by heating d. Black metallic 
mass, yielding a light brown powder, which is not altered by heating out 
of contact of air. 

d. Monobasic. AgS, AsS 3 . A saturated solution of orpiment in 
hydrosulphate of soda forms with nitrate of silver-oxide a light brown 
precipitate, which soon turns black, and, when heated in close vessels, 
gives off orpiment, then fuses, afterwards gives off more orpiment, and 
is converted into c. (Berzelius, Pogg. 7, 150.) 

E. SULPHARSENIATE OF SILVER. 3 AgS, AsS 5 and 2 AgS, AsS 5 . 
Both the terbasic and the bibasic sulpharseniate of sodium, when added to 
a silver-solution, first colour it dark brown, and then throw down a black 
mass which .yields a brown powder. This substance, when heated in the 
air, is converted into sulphide of silver by the combustion of the sulphide 
of arsenic, but, if heated to redness in a close vessel, fuses, without 
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evolving sulphur or sulphide of arsenic, and, on cooling, solidifies in the 
form of a grey, somewhat ductile cake, exhibiting the metallic lustre. 
(Berzelius, Pogg. 7. 29.) 

SILVER AND ANTIMONY. 

A. ANTIMONIDE OF SILVER. Found native. 1. By fusing the two 
metals together, a silver-white, brittle alloy is obtained, whose specific 
gravity is less than the mean of the constituent metals. When heated in 
the air it gives off antimony, which oxidizes and volatilizes. Neverthe- 
less, according to Bonsdorff, 0*1 per cent, of antimony remains obstinately 
combined with the silver, and gives it a dull, greyish look; it may, 
however, be removed by cupellation with lead. 2. When a solution of 
silver-nitrate is precipitated by antimony, broad, brittle, shining laminae 
of antimonide of silver are formed towards the end of the action ; the 
alloy thus obtained does not fuse at a strong red heat, because the anti- 
monious acid which forms disposes itself between the particles of the 
silver, and prevents their union, till it is volatilized by continued blowing. 
(Fischer, Pogg. 10, 606; KasLn. Arch. 13, 224.) 

Native Antimonide of Silver. Crystalline system the rhombohedral. 
Six-sided prisms with truncated lateral edges. Scalenohedrons (Fig. 147). 
similar to those of calcspar. (Breithaupt, Pogg. 7, 527; Schw. 52, 169.) 
Specific gravity from 9 '4 to 9 '8. Harder than calcspar. Silver- white. 
Fuses readily on charcoal before the blowpipe, giving off an antiinonial 
fume, which stains the charcoal, and is reduced to a grey, brittle, metallic 
globule, which becomes white after longer blowing, and solidifies, with 
incandescence, to a crystalline globule on cooling; by still longer blowing, 
it is converted into pure metallic silver. Heated in a tube, it yields a 
sublimate of antimonic oxide, and becomes covered with yellow, vitrified 
antimonic oxide. (Berzelius.) In contact with nitric acid, it is resolved 
into a solution of silver-nitrate, and undissolved antimonic nitrate. 

Antimonide of Silver. Klaproth. Klaproth. 

At. a. I. At. c. 

Ag 4 .... 432 .... 77-01 .... 76 .... 77 6 .... 648 ... 83'4 .... 84 

Sb 1 .... 129 .... 22-99 .... 24 .... 23 1 .... 129 .... 16'6 .... 16 

Ag 4 Sb.. .... 561 ....100-00 ....100 ....100 Ag 6 Sb 777 ....100-0 .... 100 

a. is coarse-grained antimonide of silver from Wolfach ; 5, a laniino- 
granular variety from Andreasberg; c, fine-grained from Wolfach. 

B. ANTIMONIATE OP SILVER-OXIDE. White precipitate, insoluble in 
water. (Berzelius.) 

C. SULPHANTIMONITE OF SILVER. a. Polyoasite. 2 AgS, SbS 3 . 
Part of the silver is replaced by copper, and part of the antimony by 
arsenic. Regular, six-sided prisms, perpendicularly truncated. Specific 
gravity of the ore from Durango := 6-214. Fracture uneven, without 
cleavage-planes. Harder than rock-salt. Has a strong lustre and iron- 
black colour, and yields a powder of the same tint. (H. Rose, Pogg. 
15, 573; 28, 156.) Decrepitates slightly before the blowpipe; fuses very 
easily, yielding sulphurous acid and a film of antimony, sometimes also 
an arsenical fume, especially when fused with carbonate of soda; colours 
glass-fluxes in the same manner as copper. 
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99-70 



4662 ....100-00 



100-30 



a is Polybasite from Durango in Mexico 5= 9[(-J- Cuj f Ag) S] + 
(A gb, -I As)S 3 .-6. from Schemnitz=9[(f T Cii,f.f Ag)S] + AsS 3 . c. from 
Freiberg=9[(|Cu,f Ag)S] + (}Sb,As;j. Tha preceding calculations 
snow the probability of supposing that, in Polybasite, AgS and CuS 
replace each other, and not, as Rose is inclined to think, AgS and Cu"S. 
On the specific gravity and silver-percentage of various kinds of Polybasite, vid. 
Weissenbach (J. techn. CJiem.-IO, 208.) 

b. Psaturose. 6 AgS, SbS 3 . Crystalline system the right prismatic. 
Fig. 70 u : w= 115 39'; cleavage imperfect, parallel to u and t. As hard 
as rock-salt; very little. Spec, grav. 6'275. (H. Rose.) Dark lead-grey 
inclining to iron-black ; yields a black powder. When heated in an 
open tube, it yields a sublimate of antimonic oxide, sometimes also of 
arsenious acid. On charcoal it fuses readily, and forms a white film, 
sometimes also emitting an odour of arsenic ; when heated in the outer 
flame, it yields a bead of silver. Dissolves easily in hot nitric acid, with 
separation of sulphur and antimonic nitrate. Treated with boiling 
potash-ley, it turns black and gives up sulphide of antimony, which may 
be thrown down from the solution by acids, in the form of an orange- 
yellow precipitate. (Kobell.) 



Psaturose, from 
Cu 
6Ag f>48 . 


Scheranitz. 

... 70-36 '. 
... 14-01 


H. Rose. 
0-64 
68-54 
14-68 
16-42 


Sb 


129 


9S 


. .. 144 . 


... 15-63 








921 . 


... 100-00 


... 100-28 



Tor the percentage of silver in various kinds of Psaturose, vid. Weissenbach. 
(/. techn. Chim. 10, 209.) 

c. Dark Red Silver, or Antimonial Silver -blende. 3 AgS, SbS 3 . 
Isomorphoiis with Light Red Silver, and agrees with that mineral in most 
of its other properties. ? 3 : r 5 (Fig. 141) 108 20'. Sp. gr. from 5'7 to 
5*9. Translucent ; varies in colour from brown-red to dark lead-grey ; 
yields a cochineal-coloured powder. Heated on charcoal before the blow- 
pipe, it decrepitates slightly; than fuses, giving off an odour of sulphurous 
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acid and an antimonial fume; and after long blowing in the outer flame, 
yields a globule of pure silver. (Berzelius.) When ignited in a stream 
of hydrogen gas, it yields hydrosulphuric acid, and leaves 81-48 per cent, 
of antimonide of silver. (Bonsdorff, Schw. 34, 225.) Its powder blackens 
in warm nitric acid, and ultimately leaves sulphur, together with anti- 
monic nitrate. Boiling potash-ley turns it black, and extracts sulphide of 
antimony from it. 

An artificial Red Silver ore, likewise yielding a red powder, is 
obtained by igniting sulphantimoniate of silver in a retort. (Rammelsberg.) 



Dark Red Silver. 
3Ag 324 5Q-D2 


Bonsdorff. 
Andreasberg. 
58-95 
22-85 
16-61 
0-30 


Wohler. 
Mexico. 
60-2 . 
... 21-8 . 
... 18-0 . 


Bottger. 
Mexico. 
.. 57*45 
.. 24-59 
.. 17-76 


Rammelsberg. 
artificial. 
... 57-94 
... 23-04 
19-02 


Sb . . 


.. . 129 


.. 23-49 .... 
17-49 


6S 


96 


Matrix 







549 ....100-00 



98-71 



100-0 



99-80 



100-00 



For the percentage of silver in various kinds of dark and light red silver ore, vid. 
"Weissenbaeh. (J. techn. Chem. 10, 210.)] 

d. Miargyrite. AgS,SbS 3 . Crystalline system, the oblique prismatic. 
Sp. gr. 5*3. Soft and easily cut ; opaque; colour varying from dark lead- 
grey to iron-black ; powder, dark cherry-red. Fuses readily when heated, 
and in an open tube gives off sulphurous acid, together with sublimed anti- 
monic oxide. Heated on charcoal with carbonate of soda, it ultimately 
yields a globule of silver. 

H. Rose. 



Fe 


Miargyrite. 
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301 .... 100-00 




99-17 



D. SULPHANTIMOXIATE OF SILVER. A solution of sulphantimoniate 
of sodium gradually mixed with less than an equivalent quantity of silver- 
nitrate, yields a brown-black precipitate, \t Inch becomes brown when dry. 
This precipitate dried at 130 J and then ignited in a retort, gives off 
sulphur, together with a trace of sulphurous acid, and leaves 96 -17 per 
cent, of artificial red silver ore. Potash-ley converts it into sulphide of 
silver; the yellow liquid forms with acids a copious precipitate of penta- 
sulphide of antimony, without evolution of sulphuretted hydrogen. 
(Rammelsberg, Pogg. 52, 18.) 

The same salt, mixed however with antimonic acid, is obtained by 
long boiling of native sulphide of antimony with solution of silver-nitrate, 
in which operation it first turns brown and then black. (Rammelsberg.) 

8SbS 5 + 15AgO = 5(3AgS,SbS b ) + 3SbO s . 

Rammelsberg. 
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581 



100-00 



On the other hand, if the solution of Schlippe's salt be dropped into 
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an excess of the silver-solution, and boiled for a while, a liquid is obtained 
which reddens litmus, and a black precipitate == 8AgS -f SbO 5 . Boiling 
potash-ley extracts antimonic acid from it, and leaves sulphide of silver. 
At a gentle heat, it is partly converted into metallic silver ; when heated 
to redness in close vessels, it gives off a large quantity of sulphurous acid, 
but no free, sulphur; bakes together; yields a sublimate of antimonic 
oxide; and leaves a mixture of sulphide of silver, antimonic oxide, and 
artificial red silver ore. '(Rammelsberg.) 

E. ALLOY OF SILVER, ANTIMONY, AND POTASSIUM. Prepared like 
the alloy of copper, antimony, and potassium. Steel-grey, with, a strong 
lustre; friable; more volatile than the copper-compound ; contains a very 
large quantity of potassium. (Serullas, Ann.Chim. Phys. 21, 199.) 

SILVER AND TELLURIUM. 

A. TELLURIDB OF SILVER. Found native. The ore from Kolywan 
has the form of an obtuse rhombohedron ; it is malleable, gives off an 
odour of horse-radish when roasted, and yields a sublimate of selenium 
when heated in a tube. (Hess, Pogg. 28, 407.) Ore from the Sawodinski 
mine: Coarse-grained masses, whose specific gravity varies from 8 '41 2 to 
8*565; somewhat harder than rock-salt; somewhat malleable; with a 
strong lustre; colour between lead-grey and steel-grey. Ignited in an 
open tube, it yields a white sublimate, which may partly be driven away 
by continued blowing, and partly contracts into fine drops. Fuses on 
charcoal to a black bead, which, when cold, exhibits on its surface 
numerous dendrites and globules of silver. Mixed with carbonate of soda, 
and subjected to a continued blast, it yields pure silver. In phosphorus- 
salt it dissolves in the inner flame, forming a clear bead, which, on cooling, 
becomes opalescent, or if the quantity of the mineral be considerable, 
assumes a yellow tint, inclining to grey. After fusion in the outer 
flame, the bead remains transparent and colourless on cooling. Dissolves 
slowly in cold, quickly in hot nitric acid; the solution, after a while, 
deposits tellurite of silver-oxide. (G. Rose, Pogg. 18, 64.) Ore from 
Nagyag : Exactly like that from Siberia, even in its behaviour before the 
blowpipe. Sp. gr. from 8*31 to 8'45. (W. Petz, Pogg. 57, 70.) 



G. Rose. 
Telluride of Silver. Sawodinski. 
Fe .... .... 0'24 to 0*50 .... 
Ag . 108 .... 62-79 .... 62-42 62'32 .... 


Petz. 

Nagyag. 
FePb,S, trace 
61*55 


Au 
Te . 64 37-21 .... 36'96 ,, 36'SQ 


0-69 
37*76 






AgTe 172 .... 100-00 .... 99'62 ,, 99'71 .... 


100-00 



B. TELLURITE OF SILVER-OXIDE, or SILVER-TELLTJRITE. a. Mono- 
tellurite. AgO,Te0 2 . Formed by double decomposition. Yellowish 
white precipitate, soluble in ammonia, on the evaporation of which a basic 
salt is precipitated. (Berzelius.) b. Bitellurite? Separates, after a 
while, from the solution of native telluride of silver in nitric acid, in 
small acuminated square prisms, having an adamantine lustre. Fig. 29, 
e-.e about :rr 107. Insoluble in water. Since the nitric acid solution 
afterwards yields crystals of silver-nitrate, the salt must contain more 
than 1 atom of tellurous acid to each atom of silver-oxide. (G. Rose, 
Pogg. 18, 60.) 
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C. TELLURATE OF SILYER-OXIDE, or SILVER-TELLURATE. a. Terbasic. 
1. The solution of the salt c in ammonia, mixed with ammonio-nitrate 
of silver-oxide, and evaporated, leaves a black-brown salt. 2. Bitellurate 
of potash added to a very dilute solution of silver-nitrate gives at first a 
reddish yellow precipitate, which, however, soon becomes black-brown. 
(Berzelius.) 

Berzelius (1). 

3AgO 348 .... 79-82 79'8 

TeO 3 88 . : .. 20;18 20'2 

3AgO,TeO 3 .... 436 .... 100-00 HI 100-0 

1). Seqidbasic. 3AgO,2Te0 3 . Remains in the form of an anhydrous, 
liver-coloured powder, when the salt c is boiled with water. (Berzelius.) 

c. Monobasic. AgO, TeO 5 . Formed by mixing concentrated solutions 
of silver-nitrate and monotellurate of potash. Deep yellow precipitate. 
"When treated with water, especially at a boiling heat, it is resolved into 
a soluble acid salt and the insoluble terbasic salt. It dissolves in 
ammonia without colour. (Berzelius.) 

d. Bitellurate. Formed by double decomposition with concentrated 
solutions. Reddish yellow, bulky flakes. (Berzelius.) 

e. Quadrotellurate. Prepared similarly to d. (Berzelius.) 

D. SULPHOTELLURITE OF SILVER. SAgS,TeS 2 . Formed by double 
decomposition. The black bulky precipitate, after drying, acquires 
metallic lustre under the burnishing steel. When distilled, it gives off 
sulphur, and leaves a fused, lead-grey, metallic globule, probably con- 
sisting of telluride of silver, as soft and malleable as lead, and not altered 
by fusion in the air. (Berzelius.) 

E. CHLORIDE OF TELLURIUM AND SILVER. Tellurium unites by 
fusion with chloride of silver, forming a hard white mass, which exhibits 
the metallic lustre and a crystalline fracture. (Berzelius.) 



SILVER AND BISMUTH. 

SILVER-BISMUTH. These two metals fuse easily together, and form a 
brittle, laminar alloy, which has the colour of bismuth; a specific gravity 
of 10*709 when the weights of the two metals are equal (Muschenbroek); 
and when heated in the air, yields metallic silver, the bismuth being con- 
verted into a vitreous oxide. An alloy of 1 pt. silver and 1 pt. bismuth 
does not expand in solidifying; but in the alloy of 1 pt. silver and 2 bis- 
muth, which is steel-grey and laminar, this expansion takes 'place. 
(Marx, Schw. 58, 471.) 

SILVER AND ZINC. 

SILYER-ZINC. Combination takes place easily, and without incand- 
escence. 1 pt. silver and 2 zinc form a somewhat malleable alloy, having 
a fine-grained fracture, and exhibiting less of a blue colour than zinc. 
(Gehlen.) When a solution of silver-nitrate is precipitated by zinc, an 
alloy is obtained which fuses with difficulty, because the oxide of zinc 
which is formed remains between the particles. (Fischer, Kastn. Arch. 
13, 224.) 

VOL. YI. O 
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SiLVER~ y riN. i Combination takes place easily, and -without incand- 
escence. (G-elilen.) 1 pt. of silver forms a hard alloy with | pt. tin ; and, 
according to Gehlen, a malleable alloy with 2 parts of tin. The specific 
gravity of the compound exceeds the mean between those of its con- 
stituents; it has a granular texture, and oxidizes readily* The separation 
of the silver from the tin in this alloy is best effected by distilling it in 
the form, of filings with corrosive sublimate. (Berzelius, Lehrb.) 

B. fStdnnate of $ubox%de of Silver? Silver purple. 1. Let the three 
following solutions be prepared : a. 2^ oz. nitric acid of specific gravity 1*1, 
diluted with 13^ oz. of water \ the liquid placed for 24 hours in a bottle 
three-fourths filled with it, and surrounded with cold water, together 
with half an ounce of finely-divided tin, and frequently agitated, then 
poured off from the tin which is not dissolved, and diluted with 16 Ib. 

14 oz. of water. (3. 30 grains of pure silver dissolved in nitric acid, the 
excess of acid driven off by evaporation, and the residue dissolved in 

15 oz. of water. y. 180 grains of pure oil of vitriol diluted with 3f oz. of 
water. First pour ]3 into a, stirring all the while ; in a few minutes the 
liquid will turn yellow, then brown, then brown-red, and, lastly, dark 
purple-brown. As soon as the colour has ceased to become darker, add y, 
likewise with agitation. (Without the addition of y, the mixture would 
gradually assume a pale yellow colour, producing but a slight precipitate.) 
A dark purple-brown precipitate then separates, and must be washed and 
dried. This purple does not colour glass-fluxes. (Fricke, Pogg. 12, 285.) 
The liquid a, which contains nitrate of stannous oxide, may likewise be 
prepared by mixing protochloride of tin with a slight excess of nitrate of 
lead-oxide ; the lead-salt which remains undecomposed renders the liquid 
less liable to change. (Fischer.) Solution of silver-nitrate supersaturated 
with ammonia, and then mixed with protochloride of tin, yields a brown- 
black precipitate. Silver-purple is not altered by ammonia or boiling 
hydrochloric acid. (Fischer, Schw. 56, 368.) 

A bar of tin, immersed in a solution of 1 pt. nitre in 12 of water, 
blackens immediately, and becomes covered with a grey beard, from 
which white particles radiate towards the surface; these particles resemble 
bioxide of tin in appearance, but become darker and acquire a violet tint 
when exposed to sunshine. (Fechner, Pogg. 47, 1.) 



SILVER AND LEAD. 

A. SILVER-LEAD. White, lead-coloured alloy. When it is heated in 
the air, the lead is converted into vitreous oxide; and the other base 
metals united with the silver are thereby disposed to oxidate and unite 
with the lead-glass, and in the fused state, to soak into the porous sup- 
port, the Cupel; this process is called Oupeltation.-- An alloy consisting 
of a large quantity of lead and a small quantity of silver, when slowly 
cooled after fusion, deposits granular crystals of lead nearly free from 
silver, while the alloy, richer in silver, still remains liquid. (Pattinson, 
J. pr. Ckem. 10, 321.) An alloy of silver and lead is also obtained by 
precipitating a solution of silver-nitrate with metallic lead. (Fisher, Kastn. 
Arch. 13, 224.) 



SILVER AND IRON. 195 



B. OXIDE OF SILVER AND LEA.!X^A solution of a silver-salt mixed 
with excess of lead-salt, forms, with potash, a yellow precipitate, which 
may be freed from excess of lead-oxide by digestion in a larger quantity 
of potash. The yellow precipitate blackens when exposed to light; it is 
resolved by ignition into lead-oxide and silver; when heated to redness 
in hydrogen gas, it is reduced to an easily fusible alloy of silver and 
lead. Dissolves readily in nitric acid, but not in potash* (Wohler, Pogg. 
41, 344.) 

WiJhler. 
2PbO ..... 4 .u. t .,u ........ , 224 , t .s 65-88 . 65*77 

AgO ..... ....... . ........... 116 .... 34-12 .... 34-23 

2?bO,AgO .......... 340 u.. 100-00 ^. 100-00 

C. SULPHIDE OF SILVER AND LEAD. Galena heated to whiteness 
with sulphide of silver in a crucible lined with charcoal, yields metallic 
silver and a fine-grained sulphide of silvef and lead^ resembling galena. 
(Fournet.) 

D. HYPOSULPHITE OF SILVER-OXIDE AND LEAD-OXIDE. *"- Aqueous 
hyposulphite of silver-oxide and lime forms a white precipitate with 
solution of lead-nitrate. (Hersche.) 



E. SULPHIDE OF ANTIMONY, SILVER, AND 
Bight rhombic prism. Fig. 61; u":u== 100. (Phillips.) Sp. gr. 6-194. 
Colour between steel-grey and blackish lead-grey. Before the blowpipe, 
it exhales an odour of Sulphurous acid, covers the charcoal with a film of 
antimonic oxide and lead-oxide, and yields a globule of silver. (Hausmann 
& Wohler, Pogg. 46, 147.) 
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Wohler and Berzelius have assigned other formulae to this mineral. 

On light and dark Silver Fahl-ore, and on Silver-bismuth ore, of which, new 
analyses are required, see Klaproth (Beitraff t 1, 166 and 173; 2, 291); and Fournet 
(Ann. Chim. Phys. 2, 242). 



SILVER ANI> 

SILVER-IRON. When these two metals are fused together, two layers 
are formed, the lower consisting of silver containing --|- pt. of iron., and 
affected by the magnet; the upper, of iro^ containing -^ of silver, 
very hard, and exhibiting a denser texture than belongs to pure iron. 
(Morveau.) Iron may be separated from silver by fusion in the air or 
by cupellation, or, again, by fusion with borax and nitre, or by fusion 
with sulphide of lead and cupellation of the silver-lead thereby produced. 

When, to a solution of silver-nitrate, slightly supersaturated with 
ammonia, green vitriol is added in less than the equivalent quantity, a 
black, granular precipitate is obtained. (If too much ammonia be added, 

o 2 
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the precipitate is yellowish brown; too much ferrous sulphate makes it 
green.) Ammonia extracts from the precipitate a small quantity of 
silver-oxide, and colours it yellowish brown. Hydrochloric acid readily 
converts it into sesquichloride of iron and reddish-grey chloride of silver; 
and on dissolving the latter in ammonia, metallic silver remains behind. 
Hence it would appear that the precipitate contains oxidized iron and 
suboxide of silver. (Fischer, Sehw. 56, 361.) 

B. CARBIDE OF SILVER AND IRON. By fusing 500 parts of steel with 
1 pt. of silver, the steel is rendered harder than the best pure steel, with- 
out bursting in forging or hardening; Silver-steel. When 1 pt. of silver is 
fused with between 160 and 300. parts of steel, part of the silver remains 
uncombined, and sweats out in drops, partly in solidifying, partly in 
hammering; this mass is also fine-fibred and roasts easily, on account of 
galvanic action. (Faraday & Stodart, G-ilb. 66, 123; further, Ann. Chim. 
Phys.Zl, 64; Fischer, Gilb. 69, 260.) When cast-steel is fused, first 
(a) by itself in a covered crucible, and then (8), with T -^- pt. of silver, it 
exhibits the same properties in both cases, so that the greater goodness 
and density result, not from the addition of silver, but from the increased 
compactness resulting from the second fusion [and the addition of 
aluminum from the crucible ?]. Both samples exhibit the same netted 
appearance, and both, after hardening, have the same degree of hardness, 
and the same granular fracture. Specific gravity in the hardened state : 
of a = 7*7647; of 8 = 7-9024; in the unhardened state: of a= 8-0923; of 
= 8-0227. Per cenfcage of carbon: of a = 1-7776; of ft = 1-6502. 
(Eisner, J. pr. Chem. 20, 110.) The same opinion is advanced by 
Schauer. (Hid. 20. 113.) 

C. SULPHIDE OF SILVER AND IRON. Sternlergite. Crystalline system, 
the oblique prismatic; about the shape of Fig. 114, but with many 
additional faces and without the ~face. Edge between n and n : edge 
between u and ^'=119 30; cleavage distinct, parallel to m. Specific 
gravity 4-215. Somewhat harder than talc; very mild, flexible in thin 
laminas. Dark pinchbeck-brown; yields a black powder. On charcoal 
before the blowpipe, it gives off an odour of sulphurous acid and fuses 
into a magnetic and generally hollow globule, having a crystalline surface 
covered with silver; with borax, which becomes coloured by iron, it easily 
yields a globule of silver. (Haidinger, Pogg. 11, 483.) Decomposed even 
by cold aqua-regia, with evolution of heat and evaporation of sulphur and 
chloride of silver. (Zippe, Pogg. 27, 690.) 

Sternbergite. Zippe. 

4Fe 112 .... 35-44 .... 36-0 

Ag 108 .... 34-18 .... 33-2 

6S 96 .... 30-38 .... 30-0 

316 .... 100-00 ~ 99-2 

According to Zippe, it is AgS,3FeS,FeS 2 . On account of the impro- 
bability of this formula, Berzelius and Rammelsberg suppose the mineral 
to contain one atom of sulphur more, which would give AgS,2Fe 2 S 8 . 

SILVER AND NICKEL. 

SILVER-NICKEL. Combination takes place with difficulty and imper- 
fectly (Lampadius); the alloy is malleable. 
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SILVER AND COPPER* 

SILVER-COPPER. These two metals unite in all proportions, forming 
a more or less reddish white, sonorous alloy, which is harder than silver, 
and has a density lower than the mean given by calculation. 0*8 per 
cent, of silver does not impair the ductility of copper at any temperature. 
(Karsten.)-In Germany, pure silver is called 16-ounce silver; that is to 
say, 1 S> avoirdupois contains 16 oz. of silver;* if the pound contains 1 oz. 
copper to 15 oz. silver, it is called 15-ounce silver; 2 copper to 14 silver, 
gives "[Bounce silver; 3 copper to 13 oz. silver, forms 13-ounce silver, 
and so on. Spoons and other articles of general use are formed of 13 and 
12-ounce silver. The French silver coinage contains 9 pts. silver to 1 pt. 
copper. 

When the alloy is simply heated in the air, only a small part of the 
copper oxidizes ; but when a considerable quantity of lead is added, as 
in cupellation, the whole of the copper is oxidized. Nitric acid dissolves 
both the metals. Nitric acid mixed with sulphuric acid acts slowly upon 
copper, and serves to separate it from silver. (Grove, Phil. Mag. J. 1.5, 
292; also Pogg. 49, 600.) An alloy containing 78 or more per cent, of 
silver has no action on a solution of silver-nitrate; if it contains less 
silver, it reduces that metal from the solution, the more quickly in pro- 
portion as the copper predominates ; and not only is the excess of copper 
dissolved, but the reaction continues after the proportion of 78 silver to 
22 copper has been reached. (Karsten, J. pr. Chem. 16, 379.) [On the 
composition of old coins, principally consisting of copper and silver, vid. 
Walchner (Schw. 50, 204); Gobel (Schw. 60, 411); Sarzeau (J. Pharm. 
25,501).] 

IT A native alloy of silver and copper has been found in a mine 
20 leagues east of Coquimbo in Chili. It occurs in large masses, some 
weighing more than a pound. The proportion of silver is variable; one 
sample gave 98*91 p.c. Cu and 1*09 Ag; another, which was nearly 
white, 92-4 Cu and 7'6 Ag. (Fr. Field, Chem. Soc. Qu. J. 3, 29.) IF 

B. SULPHIDE OF SILVER AND COPPER. Argentiferous Copper-glance, 
Stromeyerine. Crystalline system the right prismatic. Fig. 56, with the 
p-face. The angles of the lateral edges differ but little from those of a 
regular six-sided prism ; i : t and a : u = 1 1 6 nearly; it has, therefore, 
the same crystalline form as Copper-glance. (Gr. Rose, Pogg. 28, 427.) 
Sp. gr. 6*255; very brittle, with a conchoidal fracture. Colour between dark 
lead-grey and iron-black, with a strong lustre. (Hausmann & Stromeyer, 
Schw. 19, 325.) Fuses readily before the blowpipe, diffusing an odour 
of sulphurous acid, but no fumes, and forming a grey, semi-malleable 
globule, having the metallic lustre. Colours fluxes by the copper which 
it contains. Yields a large silver button when cupelled with lead. (Ber- 
zelius.) Dissolves in nitric acid, with separation of sulphur. 

Stromeyer. Th. Sander. 

Argentiferous Copper-glance. Schlangenberg. Hudolsta.dt. 

Fe .... 0-33 0-24 

2Cu 64 .... 31-37 30-48 30-95 

Ag 108 .... 52-94 52-27 52-71 

2S 32 .... 15-69 15-78 15-92 



Cu 2 S,AgS 



204 



100-00 



98-86 



* According to the German weights, 1 mark or half a pound, contains 16 loth of 
silver, a loth being equal to half an ounce. 
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C. SELENIDE OF SILVER. AND COPPER. EuJeairite. Soft, slightly 
ductile, with, a fine-grained fracture ; lead-grey, yielding a shining streak 
and a grey powder. Heated in an open tube, it yields selenium and 
selenious acid. Heated on charcoal before the blowpipe, it fuses, emitting 
a strong odour of selenium, and yields a grey, soft, but brittle metallic 
globule. When cupelled with lead, it yields a large quantity of silver. 
Colours fluxes like copper. With hot nitric acid, it forms a solution 
from which water throws down selenite of silver-oxide. (Berzelius, 
Sekw. 23, 477.) 
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Cu 2 Se,AgSe ...,' 252 .,.. 100'OQ .,..,.., 96-88 

SILVER ANB MERCURY. 

A. SILVER- AMALGAM. Found native. Formation. 1. A bar of 
silver, immersed in mercury at the ordinary temperature, takes up a 
small quantity of mercury in the course of 24 hours, but remains mal- 
leable; even in six weeks, the combination is of very inconsiderable 
amount ; but if the mercury be heated to the boiling point and gradually- 
cooled, soft needles of amalgam are deposited on the bar at the surface of 
the mercury. (Daniell.) 2. The amalgam is quickly formed when a thin 
red-hot silver-leaf, or silver precipitated in the pulverulent form, is thrown 
into heated mercury. 3. When a solution of silver in nitric acid is 
reduced by mercury, the precipitated silver unites with a portion of the 
mercury in the form, of a crystalline amalgam : Silver-tree, Arbor Diance. 
If the quantity of mercury be too large, the amalgam formed is liquid 
instead of crystalline ; to prevent this, it is recommended to use a com- 
pound of mercury with ^ silver instead of pure mercury; according to 
Proust, however, pure mercury acts quite as well. A small quantity of 
free acid in the silver-solution accelerates the precipitation; moreover, 
the solution must not be too concentrated. When sodium-amalgam [in 
excess?] is introduced into a strong silver-solution, a soft amalgam of 
silver is formed. (Bottger.) Klaproth introduces an amalgam of 8 pts. 
mercury and 1 pt. silver, into a solution of 1 pt. of silver in nitric acid, 
after diluting it with 24 parts of water. Vitalis (Ann. Chim. 72, 93) 
hangs a lawn ba,g full of mercury in a solution containing both silver and 
mercury; removes the bag with the adhering crystals from the liquid at 
the end of the precipitation ; and hangs it up in an empty glass. Ber- 
zelius recommends the introduction of an amalgam of 7 pts. mercury and 

1 pt. of silver into a mixture of 3 pts. of a saturated silver-solution and 

2 pts. of a saturated mercury-solution. When mercury is left for a con- 
siderable time at the bottom of a tolerably dilute solution of silver, the 
silver- tree first formed sometimes disappears again, being dissolved by the 
liquid amalgam below it; and then, after a while, long four-sided prisms 
are produced, which have a strong lustre, are soft arid easily pulverized, 
and contain 31 "7 per cent, of mercury with 68*3 silver, and therefore 
consist of Hg 4 Ag 2 . (Himefeld, Schw. 61, 125.) A silver-tree analyzed 
by Dehne (Crell. Chem. J. 1, 54) contained, on the contrary, 81'36 per 
cent, mercury, and 18*64 silver. 
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Prepared by (2) : silver-white, granular, soft mass, which grates 
between, the fingers ; by (1) and (3): crystallizes in long, shining prisms, 
growing to one another. At a red heat, it evolves mercury ,- but, 
according to Gay-Lussac (Ann. Chim. Phys* 58, 218), silver may retain 
a small quantity of mercury, even at the melting-point. If the amalgam 
be very carefully heated, the silver remains in an arborescent form. 
(Schlosser, Crell. n. Ohem. J. 6, 91.) Hence the application of the 
amalgam to tlie process of silvering at a high temperature. 

Native amalgam. a. Arqiierite. HgAg 6 . From Arqneros in Chili. 
(Domeyko <fe Berthier, Compt. rend. 14, 567j also J. pr. Chem. 26 5 360.) 
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b. Amalgam, of Mineralogists.Hg 2 Ag and Hg 3 Ag. Belongs to the 
regular system. Figs. 2, 3, 6, and other forms. Sp. gr. from 13*7 to 14*1 . 
Harder than calespar; slightly brittle; silvers-white. 
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B. NITRATE OF SILVER-OXIDE AND MERCURIC-OXIDE. HgO,N0 5 + 
AgO, NO 5 . Prismatic crystals, which readily dissolve in water without 
decomposing. (Berzelius, Lekrbuch.) 

C. NITRATE OP MERCURIC OXIDE WITH IODIDE OP SILVER. 
2AgI + 2(HgO,N0 5 ) + Aq_. Crystallizes from a solution of iodide of 
silver in hot aqueous mercuric nitrate, of sp. gr. 1*35, in fine needles, 
which cause the liquid to assume a solid consistence; they are decomposed 
by water. (Preuss, Ann. Pharm. 29^ 328.) 



OTHER COMPOUNDS OF SILVER, 
With Gold, Platinum, Palladium, Ehodium, and Iridiuni, 
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SYNONYMES: Aurum, Sol, Or. 

History. Gold has been known from the earliest times; the Electrum 
of the ancients consisted of gold and silver. Vitruvius and Pliny describe 
the amalgamation of gold. The alchemists, Basil Valentine for instance, 
were acquainted with the solution of chloride of gold, and with fulmi- 
nating gold; the latter compound has been more exactly investigated by 
Scheele, Bergman, Berzelius, and Dumas. Andreas Cassius and his son, 
in 1685, described the preparation of gold-purple, which was then adapted 
by Kunkel to the preparation of red glass, and afterwards examined in a 
variety of ways. Proust and Oberkampf discovered the teroxide of gold, 
and examined many of the chemical characters of its hydrochloric acid 
solution; the latter also discovered sulphide of gold. Berzelius discovered 
the protoxide and protochloride; Pelletier the proto-iodide, and the mode 
of preparing the pure teroxide ; Johnston the teriodide ; Balard the bro- 
mide. Besides the chloride of gold and potassium discovered by Javal, 
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and the chloride of gold and sodium discovered by Figuier, several other 
corresponding salts have heen made known by Bonsdorff and Johnston. 
Hatchett has examined several alloys of gold. 

Sources. Gold is almost always found native; it occurs in large 
quantities, and in many places; it is sometimes found in combination with 
silver (in Electrum) ; with tellurium (in Native Tellurium) ; with silver 
and tellurium (in Graphic and Yellow Tellurium); and with lead and 
tellurium (in Foliated Tellurium). It sometimes occurs in small quantity 
in metallic sulphides, as in galena, iron pyrites and copper pyrites. A 
native amalgam of gold has been found in Columbia, and an alloy of gold 
and bismuth in Rutherford county in North America. (Jahresber. L. & K. 
I. 1153.) 

Preparation. 1. From gold-ore, which has been tolerably well freed 
by mechanical means from matrix or river-sand, the gold may be obtained 
by simple fusion with borax, or other substances adapted to bring the 
adhering earthy matters into the liquid state. 2. Poorer gold ores are 
either fused with lead, in a similar manner to silver-ores, or directly 
tjxfated with mercury, after which the lead or mercury is separated in the 
,x manner already described in the case of silver. 

If by these various modes of preparation, an alloy of gold and silver is 
obtained, the separation of these metals may be effected in the following 
ways: 1. Fusion with Sulphur. The granulated alloy is fused with 0'3 pt. 
sulphur, which combines with the silver, and forms a liquid sulphide, 
while the finely-divided gold remains suspended in it; a small quantity of 
litharge is then added, which gives rise to the formation of sulphurous 
acid and sulphide of lead, and again separates a portion of the silver, 
which then combines with the gold, forming an alloy, richer in the latter 
metal. This alloy sinks to the bottom of the crucible, and, after cooling, 
is separated by the hammer from the superposed sulphide of silver and 
lead (the Plachmal). This substance, when fused with the addition of ^ a 
small quantity of litharge, yields silver, which, for the most part, still 
contains a little gold. When the Plachmal has thus been completely 
exhausted of gold, it is generally cupelled with lead, to obtain the silver. 
This mode of separation is adopted with alloys which contain but very 
little gold. The resulting alloy is often treated repeatedly with sulphur 
in the same manner, till the proportion of gold is raised to one-fourth, 
after which the treatment with nitric acid is usually adopted. 2. Fusion 
with Sulphide of Antimony. The alloy is mixed with twice its weight of 
sulphide of antimony, and fused, with constant stirring, in a crucible pre- 
viously glazed with borax; if the amount of silver in the alloy exceeds 
one-third, a proportional quantity of sulphur is added to the mixture. 
Sulphide of silver is then formed, and the gold combines with the 
antimony, forming a lower stratum of alloy, which is afterwards freed 
from antimony by ignition in the air, or by fusion with nitre. As the 
sulphide of silver thus formed still contains gold, it is again twice fused 
with sulphide of antimony, whereby an additional quantity of antimonide 
of gold is obtained. The whole amount of antimonide of gold thus pro- 
duced is again fused with twice its weight of sulphide of antimony, tiien 
freed from antimony, either by fusing it alone, while air is blown upon 
it, or by fusion with three times its weight of nitre, and sometimes 
finally melted into a mass by heating it with f pt. borax, | nitre, and 
l gl ass . 3. Separation ly Cementation. The granulated alloy is arranged 
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in alternate layers, with a, mixture of 2 parts of briek^dust and 1 part of 
common salt, in porous crucibles, which are exposed for a period varying 
from 24 to 36 hours, to a low red heat. Under these circumstances, the 
aqueous vapour from the wood fire penetrates the crucibles, and acts upon 
the mixture in such a manner as to separate hydrochloric acid, which then 
forms chloride of silver, with evolution of hydrogen; and the chloride of 
silver, together with the common salt, sinks into the brick-dust (p. 162). 
The gold obtained by this process is, after washing, from 21 to 22 carats 
fine; from the remaining mass, the silver is obtained by amalgamation. 
This process is employed in America. (Boussingaiilt.) A mixture of 
4 pts. brick-dust, 1 pt. common salt, and 1 pt. calcined green vitriol, may 
also be used as a cement.T~4. Separation by Sulphuric acid. The granu- 
lated alloy, in which the gold should not amount to quite one-half, but 
the silver may be in considerable excess, is heated in a platinum or cast- 
iron vessel, with oil of vitriol, the quantity of which amounts to 3 parts 
for every 4 parts of silver to be dissolved, the heat being continued as 
long as sulphurous acid is evolved; and the resulting silver-sulphate is 
separated from the gold-powder by boiling water. To free the gold still 
further from silver, it is again heated for three hours in the platinum 
vessel, with a small quantity of oil of vitriol. After this treatment, the 
gold retains only i per cent, of silver. The silver-solution is warmed in 
leaden vessels, with metallic copper immersed in it, whereby the silver is 
separated, and blue vitriol obtained. (Soholewsky, Ann. JPkarm. 24, 94; 
J. C. Jordan, J. pr. Ohmn. 9, 49.)^-1F This process has lately been made 
the subject of an elaborate investigation by Pettenkofer (Dingl. Pol. J. 
I 104, 118; abstr. Jahresber. L. & K. 1, 1027; further, Dingl. pol. J. Ill, 

357; Jahresber. 2, 635), of which the following are the principal results. 
The gold obtained by the first operation contains small quantities of .lead- 
sulphate, basic ferric sulphate, and traces of sulphide of copper, which 
may be removed by digestion with carbonate of soda, washing, and subse- 
quent treatment with nitric acid* The residue contains, on the average, 
97 per cent, of gold, 2'S of silver, and 0*2 of platinum. The silver is con- 
tained in it in the state of regulus, and cannot be dissolved out, either by 
boiling sulphuric or by boiling nitric acid. After digestion in solution of 
sesquichloride of iron, not a trace of chloride of silver is dissolved out by 
ammonia. The gold thus purified may also be heated several times in 
contact with sulphur, till all the sulphur is volatilized, without giving 
rise to the formation of sulphide of silver. When it is treated with 
boiling sulphuric acid, to which pounded bichromate of potash is added, 
chromic oxide is formed, the gold is rapidly dissolved, while the silver 
and platinum remain unaltered. The only reagents capable of dissolving 
out the residual portion of silver from the refined gold, are the alkaline 
bisulphates, the soda-salt being the most eligible on account of its cheap- 
ness. The best mode of proceeding is to mix the gold with one-fourth of 
its weight of Glauber's salt in an iron vessel, pour in another equivalent 
of oil of vitriol (0<7 of the weight of the neutral sulphate), and heat the 
mixture till the salt becomes liquid. Sulphate of silver-oxide is then 
formed, with evolution of sulphurous acid (and of hydrochloric acid, from 
the common salt contained in the Glauber's salt), and the excess of sulphuric 
acid likewise escapes; the mass has a great tendency to cake together, 
which must be prevented by stirring. The greater part of the sulphate 
becomes reduced to the neutral state, and to dissolve out the rest of the 
silver, it is merely necessary to repeat the process once, heating the mix- 
ture, however, only till about half the sulphate has become neutral. To 
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separate the gold from tlie resulting mass, it must he boiled with sulphuric 
acid in the ordinary way, whereby the sulphates of soda and silver-oxide 
are dissolved; the residue is then washed, dried, and fused with nitre. 
The first fusion yields refined gold, containing 994 parts of pure gold in 
1000; and the second, from 998 to 999 parts, or not more than 0*1 or 0*2 
per cent, of silver. The facility and success of the operation depend 
greatly upon the proportion of Glauber's salt and upon the temperature, 
which should be. kept a little below redness, The presence of platinum 
in refined gold explains the well-known fact that this metal never exhi- 
bits a proper degree of fineness and softness, until it has been fused with 
nitre, platinum being easily oxidized by fusion with that substance. A 
portion of gold likewise passes into the slag together with the platinum; 
for although gold is not oxidized, or but very slightly, when fused alone 
with nitre, it is nevertheless acted on with great facility when platinum is 
likewise present. A small portion of platinum, amounting to 1 or 2 parts 
in a thousand, escapes oxidation, and remains in the refined gold. The 
slag which remains after the fusion leaves, when treated with water, a 
soft grey powder, containing alumina^ silica, and lime (from the crucibles) 
potash, certain insoluble metallic, compounds formed during the treat- 
ment with sulphuric acid, viz., lead-sulphate, basic ferric sulphate, and 
sulphide of copper, the oxides of gold, platinum, palladium, and osmium, 
formed by the action of the nitre, and finally a small quantity of metallic 
gold. Formerly this powder was merely levigated with water to separate 
the metallic gold, and the remainder was thrown away. But Petten- 
kofer has shown that this rejected matter contains 19 or 20 per cent, 
of gold, from 2*5 to 3*5 per cent, of platinum, and, a small quantity of 
silver. The lightness of the residue had caused the presence of these 
metals to be overlooked, and prevented their separation by the amalga- 
mation process. Pettenkofer, however, has devised a method by which 
the gold and platinum may be profitably separated. The slags collected 
from several operations are soaked in water, and left to stand for 8 or 1 2 
days, till they are reduced to a fine soft paste, which is then mixed with 
2 parts of litharge, 1 part of tartar, 4 of dry carbonate of soda, and 2 of 
pounded glass, these proportions being calculated for 8 parts of the dry 
slag. The mixture is thoroughly dried in a copper or iron vessel; then 
thrown, by small portions at a time, into a red-hot crucible; and exposed 
to a gradually increasing heat, till it is brought to a state of tranquil 
fusion. If the process has been allowed time enough, a sharply separated 
regulus of lead is found, after cooling, at the bottom of the greyish slag. 
This lead is then cupelled, and the resulting button of metal is granulated 
and dissolved in aqua-regia in a retort, to which a receiver is adapted, 
because the vapours carry small portions of gold and platinum along with 
them. The heat is continued till all the nitric acid is driven off, the 
remaining solution filtered from the insoluble residue (AgCl and PbCl), 
put into a porcelain dish, and precipitated while still warm with green 
vitriol. The gold which falls down in lumps, is separated by decantation, 
washed, and fused with -^ f * ts weight of nitre, to remove a trace of 
palladium: the product is 'fine gold. The solution poured off from the 
gold is precipitated with metallic iron, the precipitate (chiefiy consisting 
of platinum) boiled with nitric acid, then dissolved in aqua-regia, and 
precipitated as chloroplatinate of ammonium. An attempt to disintegrate 
the slags with sulphuric acid, led to difficulties insuperable in practice. *!T 

5. Separation ~by Nitric acid; Separation by Quartation. The 
granulated alloy, which must contain at least 3 pts. of silver to 1 of gold. 
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is first treated with cold weak nitric acid, and afterwardsjvith strong acid 
at a boiling heat; the gold-powder is then separated from the silver- 
nitrate by washing with hot water, and afterwards fused with borax and 
nitre. The gold, after this treatment, retains but a mere trace of silver. 
IT According to Pettenkofer (Jahresber. 1, 1030), the proportion of 3 
parts silver to 1 gold is not absolutely necessary in this process, the 
separation taking place quite sharply when the quantity of silver added 
does not exceed 1 "75 pt. Moreover, gold refined by quartation retains a 
larger quantity of silver, the more the proportion of the latter metal is 
increased beyond the limit above mentioned. IT 6. Separation l>y Aqua- 
regia. The granulated alloy, very rich in gold, is resolved by repeated 
treatment with nitric acid, into chloride of gold which dissolves, and 
chloride of silver which remains undissolved, and must be washed. The 
gold solution is freed by evaporation from the nitric acid still present, 
then diluted with water, and mixed with green vitriol, whereby the gold 
is precipitated in the form of a brown powder, which must be fused with 
a small quantity of borax and nitre. Pure gold is also obtained on the 
small scale by solution in aqua-regia, precipitation with green vitriol, 
digestion of the precipitate with hydrochloric acid, washing, and fusion 
with borax. 

The Krenmitz ducats contain in 24 carats, 23 carats 9 grains of gold, 
and therefore only 3 grains of foreign metal; the Dutch ducats contain 
23 carats 7 grains of gold. (1 carat ml 2 grains.) 

Gold is obtained in the pulverulent state by precipitating aqueous 
chloride of gold with green vitriol and other reducing agents; and 
according to the nature of the precipitant, and the mode of conducting 
the process, the powder exhibits various degrees of fineness, and is con- 
sequently more or less adapted for gilding on porcelain, &c. The powder 
formed by pouring the gold-solution into the green vitriol is softer than 
when the contrary method is adopted, in which case it is more laminar 
and shining. (Otto, Ann. Pharm. 26, 86.) A peculiarly fine gold 
powder is obtained by pouring the gold-solution, at 100, into a solution 
of mercurous nitrate ; also by precipitating the gold-solution with hydro- 
chlorate of terchloride of antimony. IT According to C. T. Jackson 
(Sill. J. [2], 6, 187), gold is obtained in the form of a soft, yellow, 
spongy mass, by adding to a concentrated gold-solution, a small quantity 
of oxalic acid, then a sufficient quantity of carbonate of potash to dissolve 
nearly all the gold in the form of aurate of potash, then a large quantity 
of crystallized oxalic acid, and finally heating the liquid rapidly to the 
boiling point. IT 

Properties. Gold crystallizes, both naturally and artificially, in 
crystals belonging to the regular system. Native gold exhibits the 
forms of Fig. 1. 2, 3, 4, 5, 6, 8, 9, and 11. (Hairy, G. Rose, Pogg. 
23, 196; Neumann, Pogg. 24, 384.) Gold is softer and less tenacious 
than silver ; not very elastic ; becomes somewhat harder by hammering. 
It is the most ductile of all metals; and may be hammered out into 
leaves only yrWo- f an * nc h thick; Gold-leaf. One grain of gold 
yields a leaf having a surface of 56 '75 square inches, and the same 
quantity may be drawn out into a wire 500 feet long. Specific gravity 
of fused gold 19'2; of hammered gold, from 19*3 to 19'4. IT According 
to G. Rose (Pogg. 73, 1 ; 75, 403), gold, after fusion per se, has a specific 
gravity varying from 19*30 to 19'34; after fusion under carbonate of 
soda, from 19-32 to 19*33; under borax, from 19-33 to 19-34; under 
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chloride of sodium, 19*30 (the determinations were made at 17*5 C.); 
after pressure under the die, from 19*31 to 19*34. Finely-divided gold 
precipitated by green vitriol was found to vary in density from 19*55 to 
20*72; and when precipitated by oxalic acid, its density was 19-49. ^T 
In the coherent state, gold has the reddish yellow colour and lustre 
exhibited by ducat-gold; in the pulverulent state, it is brown and dull, 
but acquires the metallic lustre by pressure. Very finely divided gold 
diffused through a watery liquid appears blue, by transmitted light; leaf- 
gold, sometimes blue, sometimes green. The coloured transparency of 
gold first becomes apparent when the thickness is reduced to -g^Vo ^ a 
line. (Ehrenberg, Pogg, 24, 40.) Pulverulent gold may be welded and 
rolled into leaf in the same manner as platinum, by Wollaston's process. 
(Fournet, Ann. Chim. Phys. 75, 435.) Gold melts, with considerable 
expansion, at 1200 C. (Pouillet), at 1381 C. (Guyton-Morveau), at 
1421 C. (Daniell); it is therefore less fusible than silver or copper; in 
the fused state, it exhibits a bluish green colour. It exhibits a scarcely 
perceptible volatility at the strongest heat of a blast-furnace, in the focus 
of a burning mirror, and in a flame fed with oxygen gas. A plate of 
silver held over gold strongly heated in the focus of a burning mirror 
becomes slowly gilded. (Homberg.) 

Atomic weight of Gold; 196*71 (Berzelius, Pogg. 65, 319); 196*3 
(Levol, N. Ann. Chim. Phys. 30, 355). 



Compounds of Gold. 

GOLD AND OXYGEN. 

A. PROTOXIDE OP GOLD, or AUROUS OXIDE. AnO. 

Suloxide of Gold, Gold-suboxydul, Protoxyde <0i\ 1. Formed by 
precipitating protochloride of gold with cold, dilute potash. (Berzelius.) 
The pi'otoxide thus obtained is contaminated with a large quantity of 
metal. (Figuier.) 2. By precipitating aqueous terchloride of gold with 
mercurous nitrate. (Figuier.) [The reaction is probably as follows : 

AuCl s +2(Hg 2 O J N0 5 ) = 



An excess of mercurous nitrate must be avoided, as it would occasion the 
precipitation of calomel.] The protoxide of gold is also produced by 
boiling the teroxide or terchloride for a long time with solution of caustic 
potash or soda by boiling the aqueous solution of the terchloride with 
carbonate of potash or soda by boiling the teroxide with acetic acid or 
by mixing the terchloride with excess of potash, and then boiling it with 
tartrate, citrate, or acetate of potash, or with other vegetable and animal 
matters. (Figuier.) 

Dark green powder. (Berzelius.) Blackish violet when moist, bluish 
violet when dry. (Figuier.) 

Berzelius. 
Au .................... 199 .... 96-14 ........ 96-13 

O .................... 8 .... 3-86 ........ 3-S7 



AuO 207 .... 100-00 



100-00 



(Au 2 = 2 . 1243-013 -f 100 = 2586'026. Berzelius,) 
When immersed for some hours in caustic potash, it is completely 
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resolved into 'a, dark b*owii hiisture of &uric t>xide and metallic gold., 
Which gilds the vesseL (Berfcelius.) Permanent at ordinary tempera- 
tures, decomposes at 250. (Figuier.) Hydrochloric acid immediately 
converts it into metallic gold and an aqueous solution of the terchloride. 
(Berzelius, Figuier.) Does not combine with acids; slightly soluble in 
caustic potash. (Berzelius.) Combines with acids as well as with alkalis. 
(Figuier.) It is clear that the oxides examined by Figuier and by 
Berzelius were not the same ; and as the former has given no analysis of 
his oxide, his statements are comparatively questionable. 

PURPLE oxiDte OF GOLD. Formation. 1. By the combustion of 
gold. A gold wire, through which the charge of a powerful electric 
battery is passed, burns with a green light, and is converted into vapour, 
which deposits itself on the adjacent surfaces in the form of gold-purple. 
This purple oxide is formed even in air 200 times rarefied; but in a 
perfect vacuum, the gold is scattered about in fine metallic globules. 
(Guyton-Morveau.) A piece of gold-leaf burns with a green light in the 
circuit of the voltaic battery. Thomson burned gold-wire in an ignited 
jet of hydrogen and oxygen gases. Gold placed in the focus of a Tschirn- 
hausen's burning mirror, imparts a red colour to the surface of the glazed 
support. 

The presence of other bodies favours' th oxidation of gold at high 
temperatures, by predisposing affinity, the oxide formed being generally 
red. When gold-leaf is triturated with various substances and exposed 
to the blowpipe-flame on a small cupel, the following results are obtained : 
With potassium: The alloy oxidizes quickly as it forms, and is converted 
into a black powder, which fuses into a violet glass with silica and borax. 
Hydrate and carbonate of potash do not act upon the gold, but sink into 
the cupel.-^ With hydrate or nitrate of baryta : The gold disappears and 
colours the baryta red-brown. With nitrate of strontia : The gold dis- 
appears and colours the strontia bluish, with red spots here and there. 
With hydrate of lime : The lime acquires a reddish or a bluish-grey 
colour. When gold-leaf is placed in a crucible with hydrate of lime in 
alternate layers, and ignited, the gold disappears, and the lime acquires a 
flesh-colour. With moistened magnesia: Lavender-blue, infusible pow- 
der, the gold disappearing. The compounds thus obtained with baryta, 
strontia, lime, or magnesia, yield a sky-blue or violet glass with borax. 
When gold-leaf is triturated with silk-paper and the paper burnt, a 
metallic ash is left, which, if moistened with a solution of potash, soda, 
baryta, or strontia, and again ignited, sometimes but rarely exhibits traces 
of metal. With silica containing potash : Eed colouring, accompanied 
by disappearance of the gold. With chromic oxide: The gold disap- 
pears slowly and the mass remains green. With carbonate of manganous 
oxide, or peroxide of manganese: The gold disappears slowly. With 
u ran ic oxide : The gold acquires a brown tarnish and disappears in the 
dirty green uranoso-uranic oxide. With antimony: The antimony dis- 
appears in fumes and the gold is left behind. "With aiitimonious acid: 
The gold remains, but imparts a reddish colour to the acid. With zinc : 
Grey powder, the gold disappearing. With oxide of zinc : The gold 
disappears slowly and yields a grey powder. With tin or stannic oxide : 
First an alloy, then a grey powder. With iron-filings : The gold dis- 
appears quickly and yields a grey mass; and if this substance be ignited 
with fresh gold-leaf, as long as the latter disappears, a red mass is 
obtained, still having the form of the filings, and very slightly soluble in 
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dilute sulphuric acid, the solution not being attended with evolution of 
gas. With ferroso-ferric oxide : The gold disappears much more slowly. 
With hydrated oxide of cobalt : The gold becomes dull and of a copper 
colour, but does not disappear completely. With hydrated oxide of 
nickel : The gold becomes bluish grey, and soon disappears completely. 
With copper-filings: The gold remains unaltered.- Most of the com- 
pounds obtained with the heavier metallic oxides yield up the gold in the 
metallic state when fused with borax, the other oxide remaining dissolved 
in the borax. (J. A. Buchner, Repert. 29, 1.) 

2, A neutral or acid gold-solution treated with various deoxidizing 
agents,, sometimes only with the aid of light or heat, yields a purple- red 
body, which is either the pnrple oxide alone, or a compound of that oxide 
with the unaltered or altered precipitant; see the reactions of aqueous 
terchloride of gold. 

It is in this red form that gold enters into glass-fluxes. 

Proust, Buissofy Figuier, and others, regard the purple body as very 
finely-divided gold, the division being favoured by the presence of foreign 
bodies. On the whole, however^ it is more probable, as Berzelius supposes, 
that this red 01? purple substance contains oxygen. But whether the red 
oxide be intermediate in composition between the protoxide and teroxide, 
or identical with the protoxide-*-to which, at all events, Figuier ascribes a 
similar violet colour is a question which remains to be decided by future 
experiments. 



B. TEROXIDE OP GOLD, AURIC OXIDE, or AURIC ACID. AuO 3 . 

Goldoxyd, Per'oxyde d'orjAtide auriqne. Fwrnution: Water, and the 
greater number of acids, sulphuric acid, for example, exert no oxidizing 
action upon gold. The metal is^ however, converted into teroxide, and 
in that form dissolved, by chlorine-water, by fuming nitric acid, and by 
nitric or chromic-acid in union with hydrochloric acid; it is also slightly 
oxidized by red-hot nitre. 

Preparation. 1. By precipitating a hot aqueous solution of ter- 
chloride of gold, free from excess of hydrochloric acid, with a strong excess 
of potash. (Oberkampf.) This precipitate is small in quantity, and con- 
tains potash. (Pelletier.) 2. By exactly saturating the same solution 
with carbonate of soda, and boiling as long as a precipitate is formed. To 
separate the rest of the oxide from the filtrate, and thereby decolorize the 
liquid completely, it must be supersaturated with carbonate of soda, and 
then neutralized while hot with sulphuric acid. (Figuier. )-*-*1T 2\ By 
mixing an aqueous solution of terchloride of gold (freed as far as possible 
from excess of acid by repeated evaporation and resolution) with caustic 
potash, till the liquid becomes strongly alkaline; adding chloride of 
barium, till the precipitate, which is yellow at first, begins to be whitish ; 
decomposing the precipitate, which consists of aurate of baryta, by boiliug 
it for a few minutes with dilute nitric acid; and, lastly, washing the auric 
oxide thoroughly, and drying it in the dark. (Figuier, JV*. J. Pharm. 12, 
401.) {[ 3. By precipitating the same solution at a boiling heat with 
baryta-water, collecting the precipitate of aurate of baryta, and digesting 
it in nitric acid, to dissolve out the baryta. (Dumas.) It is difficult to 
extract the whole of the baryta. (Pelletier.) 4. By heating the same 
solution with excess of magnesia or zinc-oxide, and dissolving out the 
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magnesia or zinc-oxide which has combined with the separated auric 
oxide, by strong nitric acid. (Pelletier.) -1T 4. By adding to the solution 
of chloride of gold a sufficient quantity of potash to redissolve the pre- 
cipitate first produced, boiling for a quarter of an hour, whereupon the 
liquid, which is at first dark brown, gradually assumes a yellow tint 
then adding sulphuric acid in slight excess collecting the resulting pre- 
cipitate on a filter, and washing it with water, till the wash- water no longer 
gives a precipitate with baryta-salts. The precipitate consists of teroxide 
of gold or auric acid. The first addition of the potash converts the 
chloride of gold into an oxychloride, which then forms a soluble compound 
with the potash; and if the solution be treated with an acid without pre- 
vious boiling, a precipitate is obtained consisting of the oxychloride, which 
may be distinguished from the teroxide by dissolving slowly, but com- 
pletely, in pure water. It is only by continued boiling that the compound 
of the oxychloride with potash is converted into the aurate of potash, the 
conversion being attended with the change of colour above noticed. The 
auric acid obtained in the manner just described is not quite free from 
potash, even after long-continued washing. It may be purified com- 
pletely by treating it with very strong nitric acid, which dissolves it 
readily mixing the solution with water, which immediately precipitates 
the auric acid and washing the precipitate thoroughly with pure water. 
(Fremy, JiT. Ann. CMm. Phys. 31, 478; also Ann. Pharm. 79, 40.) V 

Properties. Brown-black powder, or brown mass, having a conchoidal 
fracture. 
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AuO 3 .... 223 ....100-00 .... 100-000 .... 100*00 .... 100-0 .... lOO'OO .. 100*0 
(Au 2 O 3 = 2 . 1243-013 + 300 = 2786-026. Berzelius.) 

Decomposed by light, or at an incipient red heat, into metallic gold 
and oxygen gas. Gives up its oxygen to vegetable acids and many other 
substances. "When boiled with potash-ley, it is resolved into protoxide 
of gold and aurate of potash. (Figuier.) T Decomposed by hydriodic 
acid, vapours of iodine being evolved, and metallic gold precipitated. 
Hydrochloric and hydrobromic acids dissolve it without decomposition. 
(Fremy.) IT 

Combinations. a. With Water. HYDRA TED AURIC OXIDE. 
1. Obtained by mixing a solution of terchloride of gold, not containing 
free acid, with a quantity of potash only just sufficient to neutralize the 
hydrochloric acid, and repeatedly washing the reddish yellow precipitate 
which does not appear till after the lapse of several hours first with 
boiling water, and afterwards with dilute nitric acid, to dissolve out the 
adhering potash and chloride of gold. (Pelletier.) 2. By proceeding as in 
the second "method for the preparation of the anhydrous oxide, but 
washing the precipitate with dilute instead of concentrated nitric acid. 
(Pelletier.) The hydrate, after drying in the air, which takes place but 
slowly, exhibits a chesnut-brown colour. When heated to J00, or when 
treated with aqueous potash, it gives up its water, and is converted, with 
diminution of volume, into the black oxide, part of which, however, is 
reduced to the metallic state. By digestion with alcoholic potash, it is 
reduced to very hard, shining gold scales (used in miniature-painting). 
Perfectly soluble in hydrochloric acid, (Pelletier.) 
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The yellow precipitate obtained by Oberkampf, on mixing an aqueous 
neutral solution of tercHoride of gold with less than an equivalent 
quantity of a fixed alkali, and regarded as basic hydrochlorate of auric 
oxide, or as basic hydroctilorate of auric oxide and potash, inasmuch as it 
gave up hydrochloric acid to caustic potash,, and was thereby converted 
into the black oxide, is, according to Pelletier, the hydrate of auric oxide 
contaminated with a small quantity of terchloride of gold, which may be 
removed by boiling water and by nitric acid. 

Identical with this, appears to be the precipitate which Yauquelin 
obtained, by heating the acid gold-solution with pure potash or carbonate 
of potash. This precipitate, when recently formed, was of loose texture 
and reddish yellow colour; resembled dried blood, when deprived of 
moisture ; had a rough metallic taste ; and excited a flow of saliva. When 
digested in water, it gave up a small quantity of auric oxide, precipitable 
by green vitriol, the portions first dissolved, but not the subsequent 
portions, being accompanied by a small quantity of hydrochloric acid 
(according to Pelletier, a small quantity of adhering aurate of potash dis- 
solved in the water); it likewise dissolved in excess of caustic potash, but 
not in carbonate of potash, leaving, however, a brown or blue powder 
[metallic gold?]. 

b. With Acids, it forms the salts of AURIC OXIDE, or AURIC SALTS. 
The affinity of auric oxide for the greater number of acids is but slight : 
thus, it does not combine with carbonic, boracic, or phosphoric acid, and 
dissolves only in very great excess of strong sulphuric or nitric acid, 
forming solutions in which it is very loosely combined ; it is likewise 
scarcely possible to form compounds of this oxide with vegetable acids, 
inasmuch as those acids reduce it with facility. The auric salts at pre- 
sent known are yellow, with a tinge of red ; have a rough and caustic 
taste, and exert a poisonous action. When heated, they leave metallic 
gold, which is also thrown down from their solutions by most metals, by 
green vitriol, <fec. [For the other reactions, vid. Aqueous Terchloride of 
Gold.] 

c. With the alkalis, and some of the earths, forming compounds called 
Aurates. 



C. Perauric Acid. AuO 3 ? 

Goldsaure, Acide peraurique. "When auric oxide is boiled for a long 
time with aqueous potash, aurous oxide is precipitated, without evolution 
of gas, and a solution is formed containing peraurate of potash and ^a 
small quantity -of aurate, which, on the addition of sulphuric or nitric 
acid, yields a precipitate of auric oxide, accompanied at first by an evolu- 
tion of carbonic acid gas, but not of oxygen. The liquid, quickly filtered 
from this precipitate, exhibits a bright yellow colour at first; but at the 
temperature of 60 or 60, it is decomposed in a few seconds, becoming 
green and turbid, giving off a few gas-bubbles, and depositing metallic 
gold. If a neutral solution of chloride of gold be boiled with excess of 
potash till a considerable quantity of protoxide has separated from it, 
and then mixed, first with chloride of barium, and then with baryta- 
water, a yellow precipitate is first thrown down, and afterwards a greenish 
one; and on decomposing this precipitate with sulphuric acid, auric oxicl^ 
remains, mixed with sulphate of baryta, and the liquid contains peraurm 
acid. According to this, 2 At. AuO 3 are resolved by boiling with potash 
VOL. vi. p 
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into 1 At, AuO, and 1 At. AuO 5 . (Figuier.) IT According to Fremy, the 
black precipitate formed by boiling a solution of terchloride of gold with 
potash the precipitation always taking place at the moment when the 
change of colour occurs (p. 208) consists of metallic gold; and its for- 
mation arises, either from the accidental presence of organic substances, 
or more generally from the decomposition of a certain quantity of proto- 
chloride of gold, which is mixed with the terchloride, and is converted by 
the action of the alkali into metallic gold and aurate. of potash* IT 



GQI<D AND PHOSPHOBUS. 

PHOSPHIDE OP GOLD. a. By fusing gold with glacial phosphoric acid 
and charcoal powder, a pale yellow, friable mass is obtained, having a 
granular fracture and containing 4 parts of phosphorus to 100 of gold. 
(Pelletier.) 

&. By heating finely-divided gold with phosphorus in a sealed glass 
tube exhausted of air, Edmund Davy obtained a grey, metallic-looking 
mass, containing 14 p. c. (1 At.) of phosphorus, which volatilized at a 
gentle heat. 

When phosphuretted hydrogen gas in excess is passed through an 
aqueous solution of terchloride of gold, a black precipitate is formed which 
exhibits no metallic aspect, and does not yield gold by elutriation. It 
does not fume in the air, and appears to undergo no alteration by expo- 
sure; when it is heated in contact with air, the phosphorus burns away; 
aqua-regia converts it into terchloride of gold and phosphoric acid; it 
decomposes the terchloride of gold just as phosphorus does. (Oberkampf.) 
According to H. Rose (Pogg. 14, 184), the precipitate formed by phos- 
puretted hydrogen gas consists of metallic gold. 



GOLD AND SULPHUR. 

A. PROTOSULPHIDE OP GOLD. Formed by passing sulphuretted 
hydrogen gas through a boiling solution of chloride of gold. Part of the 
sulphur is thereby converted into sulphuric acid, and a black-brown 
powder is precipitated, exhibiting a deep-yellow streak, and containing 
92-97 pts. gold to 7'03 sulphur. (Berzelius.) According to Levol, the 
precipitate formed by sulphuretted hydrogen and a boiling solution of 
terchloride of gold, consists, not of sulphide, but of metallic gold. 

B. TERSULPHIDB OF GOLD. Gold does not unite with sulphur by 
fusion. Prepara&Vw. 1. By precipitating a solution of terchloride of 
gold -with sulphuretted hydrogen or an alkaline hydrosulphate at ordinary 
temperatures. Black precipitate. According to Levol (N* Ann. Chim* 
Phys. 30, 355), the precipitate thus formed consists of AuS 2 , which con- 
tains water, and does not give it up till heated to 140. 2. By fusing gold 
in excess with pentasulphide of potassium, dissolving the fused mass in 
water, and precipitating by an acid. The sulphide of gold then falls 
down in deep yellow flakes, which turn brown on drying, (Berzelius.) 
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At a very gentle heat, the sulphur volatilizes and metallic gold 
remains. (Oberkampf.) When moderately heated in a current of chlorine 
gas, it is converted into chloride of sulphur and metallic gold. (Fellenberg, 
Pogg. 50, 71.) If left for two days in the excess of gold-solution from 
which it has been precipitated, it is converted into gold and sulphuric 
acid. (Jacquelain, Compt. rend. 14, 642.) Dissolves in aqueous sulphide 
of potassium, forming sulphide of gold and potassium. In aqueous potash, 
it dissolves partially (forming sulphide of gold and potassium and hypo- 
sulphite of potash : Berzelius), while metallic gold remains. (Oberkampf.) 
According to Oberkampf, the elements of this compound cannot be 
separated by elutriation, so that the precipitate cannot, as Proust main- 
tains, be regarded as a mere mixture of gold and sulphur. 

C. SULPHATE OF AURIC OXIDE, or AURIC SULPHATE. Auric oxide 
dissolves sparingly in cold oil of vitriol. Yellow, strongly acid liquid, 
which, when gently heated, or when mixed with water, deposits metallic 
gold. (Pelletier.) 

D. SULPHO CARBONATE OF GOLD. AnS 3 ,3CS*. Solution of chloride of 
gold, mixed with aqueous sulphocarbonate of calcium, yields a turbid 
mixture, which slowly becomes clear ? and deposits a greyish-brown preci- 
pitate, black after drying; this precipitate, when subjected to distillation, 
gives off sulphur, and leaves gold blackened by charcoal. (Berzelius.) 

Gold does not unite with selenium when the two are heated together. 



GOLD AND IODINE. 

A. PROTO-IODIDE OF GOLD, or AUROUS IODIDE. Iodine exerts a 
scarcely perceptible action on gold; hydriodic acid, none whatever. 
Preparation. 1. By the action of hydriodic acid on teroxide of gold, water 
being formed at the same time, and -| of the iodine set free. (Pelletier.) 

AuO 3 + 3HI=AuI + 3HO + 21. 

2. By precipitating a neutral solution of chloride of gold with aqueous 
iodide of potassium added in proper proportion. In this case, also, |- of 
the iodine is set free, and is expelled by heating the mixture. (Pelletier.) 

AuCl 3 + SKI = Aul + 3KC1 + 21. 

Aqueous iodide of potassium is added in small portions, stirring each 
time, to the neutral gold-solution, as long as a precipitate is thereby pro- 
duced. As the point of complete precipitation is approached, the liquid 
acquires a reddish colour, and then the iodide of potassium must be added 
only by drops ; an excess would re-dissolve a portion of the precipitate, 
producing a dark-coloured solution. Hence it is necessary to hit the 
exact proportion. (Instead of iodide of potassium, hydriodic acid or 
aqueous iodide of iron may be used ; the latter, when newly prepared, 
has the advantage over iodide of potassium, that compound often con- 
taining free alkali; in using the iodide of iron, however, it is likewise 
necessary to avoid adding it in excess, which would re-dissolve the pre- 
cipitate.) The precipitate is washed with water by repeated subsidence 
and decantation, till all the chloride of potassium is dissolved oat; it is 
then thrown upon a filter; the filter, after the water has run off, spread 
out on a piece of paper ; and the precipitate freed from adhering iodine 

p 2 
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by three or four days' drying in a hot-air chamber at a temperature 
between 30 and 36, the surface of the precipitate being renewed twice 
a day. At that temperature, only the free iodine is given off, the com- 
bined portion not escaping in any length of time. If, on the contrary, an 
attempt be made to remove the free iodine by boiling the precipitate with 
water, or by continued washing with alcohol, part of the aurous iodide is 
decomposed, so that free gold becomes mixed with the precipitate; hence 
it must only be washed for a short time with alcohol, and afterwards with 
water. (Fordos, J. Pkarm. 27, 653; also JRepert. 75, 344.) If the gold- 
solution be mixed with a slight excess of iodide of potassium and heated, 
the greenish yellow precipitate diminishes in quantity; and, as the liquid 
cools, small, shining, golden yellow crystalline scales make their appear- 
ance, similar to those of iodide of lead, but containing only from 33*96 to 
34*43 per cent, of iodide, because the precipitate which separates at the 
beginning of the action, and mixes with the crystals, is nearly pure gold 
containing only 0*1 per cent, of iodine. (Johnston.) When the gold- 
solution is in excess, a bluish green mixture of iodine and protiodide of 
gold is obtained [after the removal of the free iodine?], containing 34*93 
per cent, of iodine. (Johnston.) Iodide of gold, nearly white and semi- 
crystalline, may likewise be obtained by cautiously adding neutral hydrio- 
date of ammonia to a moderately dilute and perfectly normal solution of 
chloride of gold, adding one measure of alcohol to 3 measures of the mix- 
ture, decanting after a few hours, and freeing the black precipitate from 
adhering iodine by washing with alcohol. (Meillet, J. Pharm. 27, 665.) 
3. By pouring aqueous iodide of potassium on protochloride of gold, 
washing the precipitate on a filter, and drying it in cold air. (Johnston.) 
4. By boiling very finely divided gold with aqueous hydriodic acid, 
with frequent addition of a small quantity of nitric acid, which, however, 
must not be added in such proportion as to decompose the whole of the 
hydriodic acid, and filtering the resulting solution of iodide of gold in 
aqueous hydriodic acid while still hot. Part of the aurous iodide then 
separates, on cooling, in the form of a lemon-yellow, crystalline powder; 
another portion, in the form of a greyish yellow powder, on boiling the 
remaining liquid with nitric acid till the hydriodic acid is completely 
decomposed, the precipitated iodine being afterwards expelled by long 
boiling. (Pelletier.) Fordos thinks it preferable to let the iodine evapo- 
rate in the hot-air chamber, as above described. 

Properties. Lemon-yellow, shining, crystalline powder (greenish 
yellow when precipitated, according to method (4), by hydrochloric acid). 
(Pelletier.) When prepared by (3) it is a pale green powder. (Johnston.) 
A greenish yellow colour generally indicates the presence of free gold. 
(Fordos.) Obtained, according to method (2), by crystallization from a 
hot liquid, it forms shining, golden yellow scales. (Johnston.) Inodorous; 
tasteless at first, but if kept for some time on the tongue, it excites a 
peculiar taste by decomposing the saliva. 

Fordos. Johnston. Pelletier. 

Au 199 .. 01*23 61-13 .... 61*15 .... 66 

I 126 .... 38*77 38-87 .... 38-85 34 

Aul .... 325 .... 100-00 ZZ 100-00 Z 100-00 Z 100 

Fordos examined the compound prepared by (2), after ] 4 days' drying 
over lime in a vessel not exhausted of air. Johnston examined the pale 
green powder obtained by (3), which, according to his analysis, does not 



TERIOBIDE OF GOLD. 213 

contain any free gold, notwithstanding its green colour. Pelletier's 
iodide of gold was prepared by (4), and undoubtedly contained metallic 
gold. 

Decompositions. Protiodide of gold kept for some time in a bottle at 
ordinary temperatures, continually acquires a darker, dingy, greenish 
yellow colour, and gilds the sides of the vessel, iodine being at the same 
time evolved and destroying the cork. In a drying chamber, at tempe- 
ratures between 30 and 35, it remains unaltered for a considerable time; 
between 50 and 60 it decomposes more quickly, becoming covered in a 
few days with metallic gold. Heated to 70 in a current of dry air, it 
becomes covered with a golden film, even in three hours; at 120, it is 
immediately and completely decomposed into metallic gold and iodine 
vapour. (Fordos.) The crystalline scales obtained, according to (2), 
from the hot solution, give off 9 per cent, of iodine when exposed to the 
air for 10 days a,t ordinary temperatures; at 66, they give off a small 
quantity of iodine; at 110, nearly all; and at 204, the last portions. 
(Johnston.) Water, sulphuric acid, and nitric acid, which have no action, 
on this compound in the cold, decompose it at a boiling heat into iodine- 
vapour and gold; this decomposition is entirely due to the heat. (Pel- 
letier, Fordos.) Hydrochloric acid exhibits a red colouring even at 70. 
(Fordos.) Bromine decomposes protiodide of gold immediately, and 
forms with water an orange-yellow solution, probably consisting of 
terbromide of gold. (Fordos.) Chlorine gas (but not chlorine- water) 
produces instant decomposition, and if a little water be present, forms a 
solution of terchloride of gold. (Fordos.) Iodine in presence of water, 
forms aqueous iodide of iron and metallic gold. (Fordos.) Potash-ley 
immediately separates the gold, forming iodide of potassium and iodate of 
potash. (Pelletier, Fordos.) Many organic compounds likewise separate 
the gold. The action of alcohol does not begin for several hours, is 
slower the more dilute the alcohol, and continues for several days. Fat 
triturated with iodide of gold exerts a decomposing action in a day; 
saliva is gradually coloured brownish violet by it ; sugar forms with it a 
yellow mixture, which soon acquires a dingy yellow colour. Gum, on 
the contrary, impedes the spontaneous decomposition of iodide of gold. 
(Fordos.) Aqueous hydriodic acid forms the red-brown solution C, with 
separation of about two-thirds of the gold. In a similar manner, aqueous 
iodide of potassium or iodide of iron separates two-thirds of the gold, a 
compound of teriodide of gold with the more basic metallic iodide being 
formed at the same time. Aqueous sal-ammoniac and common salt act 
but slightly, even at 35. (Fordos.) 

B. TERIODIDE OP GOLD, or Aimic IODIDE. When a normal solution 
of terchloride of gold is gradually added to aqueous iodide of potassium, 
the liquid gradually acquires a dark green colour, and yields a dark green 
precipitate of Aul 5 , which redissolves on agitation. A portion of gold, 
however, is very apt to remain undissolved, while the liquid retains free 
iodine; for, in consequence of the easy decomposibility of the Aul 3 , a 
small quantity of Aul is precipitated, and when it is redissolved by the 
iodide of potassium, metallic gold separates out. After 1 atom of terchlo- 
ride of gold has been added to 4 At. iodide of potassium, a further 
addition of the gold-solution decolorizes the liquid, and forms a permanent 
dark green precipitate of teriodide of gold, because the teriodide of gold 
and potassium at first produced is thereby decomposed : 



4KI + AuCl 3 = 3KC1 + KI, Aul 3 ; 
Further : 3(KI, Aul 3 ) + AuCl 3 = 3KC1 + 4 Aul 3 . 

The precipitate may be washed without any considerable decomposition 
taking place ; but in drying it gives off a large portion of its iodine. 
Exposed to the air at ordinary temperatures, it is gradually converted 
into yellow protiodide of gold, and afterwards into pure gold. Teriodide 
of gold is likewise decomposed by alkalis and earths. It combines with 
aqueous hydriodic acid, and with the more basic metallic iodides, forming 
with the latter a series of very dark-coloured iodine-salts. (Johnston, 
Phil. Mag. J. 9, 266.) 

Au 199 .... 34-49 

31 378 .... 65-51 



Aul 3 577 .... 100-00 

C. AQUEOUS HYDRIODATE OF AURIC IODIDE, or ACID HYDRIODATE 
OF AURIC OXIDE. 1. Formed by dissolving finely-divided gold in aqueous 
hydriodic acid mixed with iodine. (Pelletier.) 2. By dissolving ter- 
iodide of gold in aqueous hydriodic acid. (Johnston.) 3. By dissolving 
protiodide of gold in aqueous hydriodic acid, the action being attended 
with separation of metallic gold. (Forclos.) The dark brown solution, 
when left to evaporate freely, deposits small black prisms, which, on 
exposure to the air, acquire a fine purple colour, probably from separation 
of iodine. (Johnston.) Whether the prisms consist of teriodide of gold, 
or of the hydriodate of that compound, is a question not yet examined. 
Fordos likewise obtained a few needles on evaporating the solution in the 
hot-air chamber. Ammonia added to the solution throws down a deto- 
nating compound, (vid. Gold and Nitrogen.) 

D. IODATE OF AURIC OXIDE, or AURIC IODATE. lodic acid and 
iodate of potash form with aqueous tcrchloride of gold, a yellow preci- 
pitate, soluble in a large quantity of water. (Pleischl.) 



GOLD AND BROMINE. 

TERBROMIDE OF GOLD, or AURIC BROMIDE. Gold dissolves slowly in 
bromine-water, forming a liquid which imparts a violet colour to animal 
substances, and, on evaporation, leaves yellow bromide of gold, which is 
resolved by heat into bromine-vapour and metallic gold. (Balard.) The 
gold is abundantly dissolved, forming a red solution, and on evaporation, 
there remains greyish black bromide of gold, which, when ignited, leaves 
50 per cent, of gold. Bromide of gold dissolves readily in water, forming 
a deep scarlet liquid, which exhibits the reactions of a solution of chloride 
of gold, and yields scarlet crystals. One part of these crystals imparts a 
perceptible colour to 5000 parts of water. (Lampadius, Schw. 50, 377.) 
Hydrobromic acid forms with solution of chloride of gold a dark red 
mixture of aqueous bromide of gold and free hydrochloric acid; the 
latter may be distilled ofl; and the bromide of gold may be dissolved out 
of the mixture by ether. (Wilson, Athenaum, 1839, 674; abstr. Jaliresber. 
20, 108.) Bromide of gold combines with the more basic metallic bro- 
mide*, forming salts, which Bonadorff calls Bromo-aurates. 
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GOLD AND CHLORINE. 

A. PRO TO CHLORIDE OP GOLD, or AUROZTS CHLORIDE. Formed by 
heating terchloride of gold to the melting point of tin, in a porcelain 
basin placed on the sand-bath, stirring constantly, and continuing the 
heat till no more chlorine is evolved. Yellowish- white. (Berzelius.) 

Calculation, according to Berzelius. 

Au 199-0 .... 84-9 

Cl 35-4 .... 15*1 



AuCL. 



234-4 



100-0 



At a somewhat higher temperature, it is resolved into gold and 
chlorine gas ; by water it is resolved into terchloride of gold, which dis- 
solves, and metallic gold, the decomposition being very quickly produced 
by boiling water; it takes place slowly in the dark, more quickly on 
exposure to light, and almost instantly on boiling, Aqueous solution of 
potash converts the compound into protoxide of gold and aqueous chloride 
of potassium* (Berzelius.) 

Hydrogen gas, passed for some time through a neutral solution of 
chloride of gold, gives it a fine purple-red colour, without forming a pre- 
cipitate. The liquid, after long standing, deposits a small portion of 
gold, and when heated, is immediately converted, with deposition of 
metallic gold, into the yellow solution of chloride of gold. (Oberkampf.) 
Buisson, on passing hydrogen gas through the gold-solution, obtained a 
brown precipitate. Proust and Schweigger-Seidel (JSchw. 65, 268) ob- 
tained neither reddening nor precipitation. In an experiment, also, made 
by the author with pure hydrogen gas, in daylight, a small quantity of 
gold was precipitated, but no change of colour occurred in the liquid. 

B. TERCHLORIDE OP GOLD, or AURIC CHLORIDE. Gold-leaf heated 
in chlorine gas absorbs it without visible combustion. Gold-leaves and 
finely-divided gold obtained by precipitation dissolve [when the air has 
access?] in heated hydrochloric acid. (Proust.) Gold dissolves, even at 
ordinary temperatures, in chlorine- water, in mixtures of nitric acid with 
hydrochloric acid, sal-ammoniac, and common salt, and in mixtures of 
hydrochloric acid with nitrates or with chromic acid. Formula for 
solution of gold in aqua-regia, supposing aqueous chloride of gold to be 
formed : 

Au + NO 5 4- 3HC1 = AuCl 3 + 3HO + NO 2 ; 

or supposing ter-hydrochlorate of auric oxide to be produced : 
An -f- NO 5 + 3HC1 = Au0 3 ,3HCl + NO 2 . 

The solution in aqua-regia, which may contain a considerable quantity of 
free hydrochloric and nitric acid the add solution of chloride of gold 
gives oft" these acids, together with water, when evaporated to dryness at 
a temperature somewhat above 100; the residual terchloride of gold is, 
however, mixed with a small quantity of unevaporated free acid and 
protochloride of gold, which remains nndissolved when the residue is 
treated with water. (Berzelius.) A small quantity of protochloride of 

fold may be produced, even if the evaporation be not carried quite to 
ryness ; for the separation of chlorine from the terchloride takes place 
almost as readily as the evaporation of the free acid. (Berzelius.) 
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Dark ruby-red or red-brown mass, which becomes darker whenever it 
is heated. (Berzelius.) 

Calculation, according to Berzelius. 

Au 199-0 .... 65-20 

3C1 106-2 .... 34-80 

AuCl 3 SOS^ ~ 100-00 

Gives off 2 atoms of chlorine at a temperature much below redness, 
leaving protochloricle of gold, which, by exposure to a stronger heat, is 
converted into spongy gold. It is soluble in water; forms, with the 
more basic metallic chlorides, reddish yellow chlorine-salts, which Bons- 
dorff calls Chloro-aumtes; it is likewise soluble in alcohol, ether, and 
volatile oils, which, however, exert a reducing action upon it. 

Aqueous Terchloride of Gold, or Ter-hydrocJilorate of Auric Oxide.- 
Normal Solution of Chloride of Gold. This is the aqueous solution of 
pure terchloride of gold, and therefore contains no free hydrochloric (or 
nitric) acid. As terchloride of gold obtained by evaporation generally 
contains a little free acid, a perfectly normal solution of the terchloride 
can only be obtained by boiling the protochloride with water. (Berzelius.) 
The solution is brown-red when concentrated, reddish yellow when dilute. 
It reddens litmus. 

C. HYDRO CHLORATE OF AURIC CHLORIDE. The solution of gold in 
aqua-regia, prepared with an excess of gold and hydrochloric acid, so that 
all the nitric acid is decomposed, solidifies on evaporation and cooling, 
in a crystalline mass made up of laminse, and having a bitter, rough, but 
non-metallic taste. (Proust.) It yields long, light yellow, four-sided 
prisms and truncated octohedrons. (Thomson, System.) The crystals fuse 
when heated, give off hydrochloric acid and chlorine, and leave a mixture 
of terchloride and protochloride of gold. (Berzelius.) They deliquesce 
in the air (Proust), but are not quite so soluble in water as terchloride of 
gold. (Berzelius.) When a solution of gold in aqua-regia is evaporated 
over the water-bath for a day, it remains liquid while hot, but solidifies 
in a crystalline' mass on cooling. 

Acid solution of Chloride of Gold. Ordinary Gold- solution. The 
reddish yellow, normal solution immediately acquires a paler yellow colour 
on the addition of hydrochloric acid. (Berzelius.) The acid solution is 
obtained in the purest state by dissolving the above-mentioned crystals in 
water; and, mixed with excess of hydrochloric acid, by heating an excess 
of gold with aqua-regia, adding hydrochloric acid as long as nitrous fumes 
are evolved. Without this precaution, undecomposed nitric acid would 
likewise remain mixed with it. When a mixture of hydrochloric acid and 
nitre is used, the liquid also contains chloride of potassium ; and if nitric 
acid be used with sal-ammoniac or common salt, the solution will contain 
nitrate of ammonia or nitrate of soda. The aqueous solution of common 
salt, nitre, and alum, also dissolves gold ; this was the Menstruum sine 
strepitic of the ancients. The solution is of a lemon-yellow colour, inclin- 
ing to orange-yellow; it tastes rough and bitter, and under the action of 
light, imparts a purple-red colour to the skin. 

The following are the reactions of the Normal and. Acid Gold-solutions: 
In those cases in which observers have not specified the exact nature of 
the solution employed, we shall denote it by the simple term. Gold- 
solution. 

Many substances throw down metallic gold or the purple oxide from 
these solutions. The normal solution, in a very dilute state, when kept 



TERCHLORIDE OF GOLD. 



217 



for three years in a stoppered bottle in the shade, deposits a large quantity 
of delicate gold spangles. (Basseyre, Ann. CJiim. Phys. 54, 46.) The 
acid solution remains unaltered under similar circumstances. The normal 
solution, left to evaporate in the air, deposits a small quantity of gold on 
the sides of the vessel; also when kept in a vessel filled with nitrogen 
gas. Hence the nitrogen exerts a reducing action. (Fischer, Pogg. 

17, 137.) Hydrogen gas passed through the normal solution colours it 
red. (Oberkampf; comp. p. 215.) Phosphorus immersed either in the 
normal or in the acid solution, quickly throws down the gold in the form 
of a yellow, ductile film, which envelopes the phosphorus. Hyphophos- 
phorous acid (Dulong) and phosphorous acid quickly precipitate gold 
from either solution in the form of a metallic powder. Characters traced 
on paper with a solution of gold become metallic when immersed in a 
vessel containing air and phosphorus. (H. Rose, Pogg. 14, 184.) Accord- 
ing to Oberkampf, phosphuretted hydrogen gas colours the solution first 
browri, then purple, and precipitates metallic gold, with formation of 
phosphoric acid; if, however, the phosphuretted hydrogen is in excess, 
phosphide of gold is likewise precipitated. According to H. Rose, on 
the contrary, no phosphide is thrown down. Sulphur has no action on 
gold-solution at ordinary temperatures ; in a hot solution it becomes pene- 
trated by veins of gold. (Fischer, Pogg. 12, 505.) Sulphurous acid and 
alkaline sulphites immediately reduce the gold-solution at ordinary tem- 
peratures, causing it to appear bluish by transmitted light; on boiling, 
the gold separates in the form of a brown powder. (Berth ier, N. Ann. 
CJiim. Phys. 7, 82.) The sulphurous acid is converted into sulphuric. 
(Jacquelain.) The reduction takes place, even in very dilute solutions, 
but not when a large excess of hydrochloric acijd is present, even if the 
acid be partly neutralized by ammonia. (Wackenroder, J. pr. Chem. 

18, 295.) Selenium acts only on a hot solution, and acquires a deposit of 
gold, which prevents further action. (Fischer.) Nitric oxide gas and the 
vapour of fuming nitric acid reduce gold both from the normal and from 
the acid solution. Each bubble of gas becomes enveloped in gold, and in 
a short time the whole of the metal is precipitated. (Fischer, Pogg. 
17, 480.) Most of the base metals, and likewise mercury, silver, palla- 
dium, and platinum, precipitate the gold,, sometimes in the metallic state, 
as a brown powder or a gilding deposit, sometimes in the form of gold- 
purple, which appears to be "a compound of the purple oxide of gold 
(p. 206) with the oxide of the other metal. Manganese reduces gold but 
very slightly from its solutions. (Fischer.) [On account of the carbon 
which it contains 1] Arsenic rapidly precipitates the gold in the metallic 
state. (Fischer.) It forms a purple. (Lesage.) Antimony, which acts 
very slowly, becomes gilt, when immersed in a gold solution. (Fischer.) 
It produces a purple. (Lesage.) Tellurium becomes covered with a film 
of gold which stops the further action, even when heat is applied. 
(Fischer, Pogg. 12, 503.) B-ismuth precipitates the gold completely in a 
few hours, and becomes gilded. (Fischer, Pogg. 9, 255.) It yields a 
purple. (Lesage.) Zinc throws down the gold quickly and completely in 
the form of a brown powder. (Fischer.) Cadmium slowly precipitates 
the gold in the form of a brown powder. ( Fischer. *)Tin quickly throws 

down metallic gold at first, afterwards the purple of Cassius. (Fischer.) 

Lead causes rapid metallic precipitation in dendrites. (Fischer.) Iron 
and Cobalt precipitate the gold quickly and completely in the form of a 
brown powder. (Fischer.) Nickel acts in the same manner, but more 
slowly. (Fischer.) Copper precipitates the gold quickly and completely, 
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in the form of a brown powder. (Fischer.) Mefdttry slowly takes up the 
gold, and forms an amalgam. (Fischer.) Silver produces a slow precipi- 
tation of the gold. (Fischer, Pogg. 2, 255.) It forms a purple. (Thomson, 
System.) Platinum reduces gold from the neutral solution, and from that 
of the chloride of gold and sodium, but not from the acid gold-solution. 
Platinum retains this property after boiling with hydrochloric, nitric, or 
nitro-hydrochloric acid, but not after boiling with oil of vitriol. (Fischer, 
Pogg. 16, 124.) Palladium precipitates gold completely. (Fischer, Pogg. 
10, 607.) Titanium, tungsten, molybdenum, and chromium exert no 
reducing action on gold-solutions. (Fischer, Pogg. 16, 127.) For practical 
observations on the gilding of metals by precipitation, vid, Barnal, N". Ann. Chim. 
Phys. 18; also J. pr. Chem. 39, 116 ; abstr. Ann. Pharm, 60, 219. 

Arseniuretted hydrogen and antimoniuretted hydrogen gases preci- 
pitate gold from the solution, the former with formation of arsenious acid. 
(Soubeiran, Jacquelain.) Arsenious acid dissolved in hydrochloric acid, 
precipitates gold slowly at ordinary, quickly at higher temperatures. 
(Levol.) Terchloride of antimony precipitates gold completely from very 
dilute solutions, in the form of a very beautiful, dull gold-coloured 
powder, but from stronger solutions, in an arborescent form : 

SSbCl 3 + 2AuCl 3 = SSbCl 5 + 2Au. 

The pentachloride of antimony, as it forms, is decomposed by the water, 
yielding hydrochloric and antimonic acids, which may mix with the gold. 
The latter must therefore be dissolved in a mixture of a little nitric with 
a large quantity of hydrochloric acid, so that all the nitric acid may be 
decomposed, (otherwise a fresh quantity of antimonic acid would be 
formed,) and the excess of hydrochloric acid may retain the antimonic 
acid in solution. The solution of antimonious acid in hydrochloric acid 
does not reduce gold. (Levol, Ann. Chim. Phys. 76, 505 ; also J. pr. 
Chem. 24, 253.) The chloride of antimony must be added in the state 
of a very acid solution. Ferrous salts, green vitriol, for instance, added 
to either the normal or the acid gold-solution, precipitate the gold in 
the form of a soft brown powder, which colours the liquid brown by 
reflected light, and blue by transmitted light, provided the solution be 
diluted to a certain extent : 

AuCl 3 -f- 6(FeO,S0 3 )= Au + 2(Fe 2 3 ,3S0 3 ) + Fe 2 Cl 3 . 

A solution of chloride of gold containing only 1 part of gold in 40,000 
parts of liquid still appears brown by reflected and blue by transmitted 
light, on the addition of green vitriol ; if the proportion of liquid amounts 
to 80 ; 000 parts, a sky-blue colour is produced; with 160,000 parts, pale 
violet, even by reflected light; with #20,000 parts, very pale violet; and 
with 640,000 parts, scarcely perceptible violet. (Lassaigne, J. Chim* 
vied. 8, 586.) The precipitation of gold by green vitriol is complete, 
even from a very dilute solution ; addition of hydrochloric acid accelerates 

the action, and heat causes the gold to unite in laminse. (Morin.) 

Aqueous protochloride of tin added to a concentrated gold-solution, either 
normal or acid, throws down brown pulverulent gold-tin ; from a dilute 
solution it precipitates the purple of Cassius (vid. Purple ofOassius). A 
solution of chloride of gold containing 1 pt. of gold in ] 0,000 of liquid 
gives with protochloride of tin, a red precipitate ; with 20,000 to 40,000 
of liquid, a wine-red colouring ; with 80,000, a brown-red colouring ; with 
160,000 to 320,000, pale brown; and with 640,000, a scarcely perceptible 
colouring. A mixture of chloride of gold with hydrochlorate of pentachlo- 
ride of antimony or terchloride of bismuth, forms a purple precipitate, not 
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only with protochloride of tin, but likewise with green vitriol or mercurous 
nitrate. (Buisson, J. Pharm. 16, 638, and 641.) On the other hand, 
Desmarest (J. Pharm. 17, 219), by mixing a solution of chloride of gold 
with acid hydrochlorate of antimonic oxide or solution of bismuth-nitrate, 
and then with a dilute solution of green vitriol, obtained merely a preci- 
pitate of metallic gold, but no purple. A solution of dichloride of copper 
in hydrochloric acid precipitates gold from both the normal and the acid 
solution (Proust) ; so likewise does the solution of dibromide of copper in 
hydrobromic acid. (Lb'wig.) Mercurous nitrate produces thick, dark 
blue flakes, which, on heating the mixture, are converted into a blue-black 
gold powder. The precipitate formed in an acid solution at ordinary 
temperatures, is violet, and contains gold, mercury, and chlorine. (Proust.) 
According to Fischer (Schw* 56, 363), it is bluish grey, and consists of a 
compound of mercuric oxide with red oxide of gold. According to 
Figuier, it consists of violet protoxide of gold. If the two solutions are 
acid and concentrated, and prepared in definite proportions, the gold is 
precipitated in the form of a soft powder adapted for painting on porcelain. 
Many organic compounds added to gold-solutions throw down either 
metallic gold or the red oxide, which then unites with the organic com- 
pound more or less decomposed, and forms a red precipitate. The 
simplest mode of viewing these decompositions is to regard the chloride of 
gold as hydrochlorate of auric oxide, the oxygen of which is transferred, 
wholly or partially, to the carbon and hydrogen of the organic compound, 
forming carbonic acid and water. Oxalic acid added either to a normal 
or to an acid gold-sol ution, throws down all the gold in the metallic state, 
with evolution of carbonic acid, the action taking place slowly in the 
dark, more quickly when the mixture is exposed to light. (Pelletier.) 
The mixture immediately becomes brown by reflected, and green by 
transmitted light, and in 24 hours deposits all the gold in metallic 
laminae. (Gr. Rose, Pogg. 23, 170.) The gold-solution dropped on crys- 
tallized oxalic acid, or oxalate of ammonia, produces a bright red colouring 
in the course of 15 hours. Berzelius could not produce this red colouring 
in any way whatever. (Jaliresber. 11, 179.) In sunshine, or with the aid 
of heat, oxalic and citric acid may produce purple precipitates. (Desma- 
rest.) Formic acid and formiate of potash precipitate the dilute solution 
but imperfectly, and even when the liquid is boiled with a large quantity 
of the potash-salt, one-third of the gold remains in solution. (Marin, 
J. Pharm. 26, 104.) Tartrate, citrate, and acetate of potash, precipitate 
metallic gold from the solution, without formation of carbonic acid. 
(Pelletier.) Tartrate of soda does not precipitate the gold till the liquid 
is heated, but then the precipitation takes place suddenly. (R. Phillips, 
Phil. Mag. J. 2, 95.) Hydrochloric acid in excess retards or prevents 
the precipitation by these vegetable acids. Pyroracemic acid precipitates 
the gold completely, and with metallic lustre, on the application of heat. 
(Berzelius, Pogg. 36, 29.) Gallic acid immediately precipitates metallic 
gold from the dilute acid solution, producing first a yellowish, and then a 
brown colouring. Tincture of galls colours the solution first brown, then 
purple-red, and afterwards throws down metallic gold. (Pi&&,Analyt. Chtm.) 
Ether, volatile oils, and recently ignited charcoal, separate the gold only in 
sunshine, or at 109 J . (Rumford, Scher. J. 2, 3.) The former gild the hides 
of the vessels; the charcoal becomes spotted with gold. Sugar, manna, 
gum, the juices of fruit, aud the decoctions of catechu, sumach, turmeric, 
fustic, grains of Avignon, Brazil-wood, cochineal, anise, aud gamboge, 
form red pulverulent precipitates with the gold-solution. (Proust, Scher. J. 
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10, 95.) The gold-solution; boiled with sugar, yields first a light red, 
and afterwards a dark red precipitate. With glycerine, at a temperature 
somewhat below 100, it immediately forms a violet powder. (A. Vogel.) 
A solution of 1 part of terchloride of gold in 30 parts of water, mixed 
with alcohol, sugar-solution, or starch-solution (the latter formed by 
boiling), deposits metallic gold, slowly in the dart, but in the course of a 
few hours, when exposed to light, so that it appears brown by reflected, 
and blue by transmitted light. (Fischer, Kastn. Arch. 9, 349.) Linen, 
silk, wool, epidermis, and ivory, saturated with the gold-solution, become 
purple on exposure to light. A silk ribbon, moistened with gold-solution 
and exposed to light, becomes purple, but does not exhibit any gold 
colour when polished; if it be then immersed in hydrogen gas, it remains 
purple in the dark, but on exposure to light, acquires the colour of frosted 
gold; if, however, it be afterwards kept in the pocket-book, it again 
becomes purple, possibly because the hydrochloric acid has not been com- 
pletely washed out. (Creuzburg, J. pr. Chem. 10, 380.) On the addition 
of potash, nearly all organic compounds reduce gold, precipitating it 
either immediately, or after some time, in the form of a black powder. 
The precipitation is accelerated by heat. (H. Rose, Analyt. Ckem.) 

Hydrosulphuric acid passed through either the normal or the acid gold- 
solution, at ordinary temperatures, throws down tersulphide of gold in 
dark brown flakes. To the 2000th degree of dilution. (Pfaff.) In a 
solution containing 1 part of gold in 10,000 parts of liquid, a brownish 
colour is produced without any precipitate; with from 20,000 to 40,000 
parts of liquid, a fainter colour is produced, and with 80,000, a scarcely 
perceptible colour. (Lassaigne.) When vapour of boiling water, con- 
taining a very small quantity of hydrosulphuric acid, is passed through 
the gold-solution, a purple-brown colouring is first produced, then a 
purple-red, and lastly a violet. (PfafF, Schw. 52, 318.) Hyposulphite of 
soda dropped into excess of gold-solution, throws down sulphide of gold. 
(Fizeau.) Iodide of potassium throws down yellow protiodide of gold, 
with separation of iodine. (Pelletier.) Hydriodic acid darkens the colour 
of the gold-solution, and after 4 hours, produces a yellow precipitate. 
(Pleischl, Sclm\ 43, 387.) 

Oil of vitriol added to a concentrated normal gold-solution throws 
down terchloride of gold; on heating the mixture to 150, the terchloride 

fives off chlorine gas, and is reduced to protochloride and metallic gold, 
imilar reactions are produced by aqueous phosphoric and arsenic acid; 
nitric acid, on account of its ready volatility, has no effect. (Pelletier.) 
Nitrate or sulphate of silver-oxide, added to the normal gold-solution, 
precipitates a brownish yellow mixture of auric oxide and chloride of 
silver, nothing but sulphuric or nitric acid remaining in the liquid. (Pelle- 
tier.) Mercuric nitrate likewise precipitates from the acid gold-solution a 
yellow powder, which contains auric oxide, calomel, corrosive sublimate, 
and water, and detonates when heated with sulphur. (Proust.) The pre- 
cipitate has a dingy green colour, and is not perceptibly altered by boiling 
the mixture. 

Caustic ammonia or carbonate of ammonia added to the gold-solution, 
throws down the greater part of the gold in the form of fulminating gold; 
the more acid the gold-solution, and the larger the excess of ammonia 
added, the greater is the quantity of gold which remains dissolved. 
Fixed alkalis and magnesia added to the normal or acid gold-solution, in 
quantity not sufficient for the decomposition of the chloride of gold, 
darken the colour of the liquid, and after a few hours, produce a reddish 
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yellow precipitate of hydrated auric oxide, containing chloride of gold and 
an aurate of the alkali. The precipitation is aceeloratcd by heat; the 
supernatant liquid contains the alkaline chloride produced m the reaction, 
together with the chloride of gold which remains undecomposcd. Potash, 
soda baryta, strontia, or lime, added to the gold-solution in insufficient 
quantity, precipitates a yellow basic hydrocblorate of auric oxide [impure 
hydrate, p. 208J; the supernatant reddish yellow liquid still gives a yellow- 
precipitate when heated, but gold likewise remains in solution. (Ober- 
kampf.) Potash added to the gold-solution in quantity not quite sufficient 
to saturate the acid, colours it reddish yellow at first by withdrawing the 
excess of acid, and after several hours more quickly, however, on the 
application of heat produces a reddish yellow precipitate. But whether 
the normal or the acid solution be used, part of the gold always remains 
dissolved, in the form of chloride of gold and potassium, and gives a 
reddish yellow colour to the liquid. (Pelletier.) The precipitate dissolves 
in excess of potash, nothing but a small quantity of brown or blue gold 
remaining behind. (Vauquelin.) Auric oxide, precipitated by baryta, 
contains baryta in combination, as well as a little chloride of gold, even 
if the quantity of baryta added is not sufficient for the complete decompo- 
sition of chloride of gold. (Pelletier.) Magnesia added to the gold 
solution in less than the equivalent quantity, throws down hydrated auric 
oxide, in combination with a small quantity of magnesia and chloride of 
gold. The supernatant liquid contains chloride of gold and chloride of 
magnesium. (Pelletier.) An excess of the fixed alkalis throws down 
anhydrous auric oxide (more rarely the hydrate) in combination with tho 
precipitating alkali; a certain quantity of gold, however, greater in pro- 
portion to the excess of alkali and to tho quantity of alkaline chloride in 
the liquid, remains dissolved in the form of aurate of potash, forming a 
pale yellow solution. Potash added in excess to the normal solution pro- 
duces, after a while, a brown-black precipitate of anhydrous auric oxide, 
the quantity of which increases on heating tho liquid. (Qborkumpf.) 
Excess of potash converts the brownish yellow colour Ihvst produced in tho 
acid solution, into a greenish yellow, paler in proportion as the excess of 
potash is greater, and throws down a scanty precipitate of black oxide of 
gold containing potash; the quantity of thus precipitate is lo.su, as thai, of the 
potash added is greater, and never exceeds 0*1 of the dissolved gold. Tho 
pale greenish yellow liquid contains aurato of potash in combination with 
chloride of potassium, and when mixed, oven with weak acid.s, assumes 
the ordinary colour of the gold-solution, inasmuch as chloride of gold and 
potassium is produced. (Pclletier; comp. Fremy, p. 208.) Baryta added 
in excess to the normal solution at ordinary temperatures, produces a, 
yellow precipitate of basic salt [impure hydrate], but, on tho application 
of heat, it throws down the brown-black, anhydrous oxide; it preeipiiates 
the gold more completely than any other alkali; but nevertheless a, por- 
tion of gold always remains dissolved. (Oberkampf.) .Baryta, even in the 
cold, throws down a black precipitate of anhydrous auric oxide, combined 
with baryta. The supernatant liquid contains chloride of barium and 
aurate of baryta. (Pelletier.) Magnesia, added in excess to si gold-solution 
throws down hydrated auric oxide sometimes combined, .sometimes merely 
mixed with baryta; the supernatant colourless liquid contains chloride ( '>f 
barium and aurate of magnesia, and becomes yellow when mixed \viih 
hydrochloric acid. Zinc-oxide behaves in the same manner as mao-nrsia. 
(Pelletier.) If the gold-solution contains much alkaline chloride 7>r free 
hydrochloric acid, which can form a chloride with the first portions of alkali 



222 GOLD, 

added, no precipitate is formed, either by ammonia or by the fixed Alkalis. 
(Oberkampf.) If a normal gold-solution be exactly saturated with, car- 
bonate of soda, and boiled, nearly all the gold is precipitated in the form 
of auric oxide; if the liquid be then supersaturated with carbonate of 
soda, and neutralized while hot with sulphuric acid, the rest of the auric 
oxide is precipitated, and the liquid becomes perfectly colourless. 
(Figuier.) Bicarbonate of potash added to gold-solution at ordinary tem- 
peratures does not precipitate the gold, but merely throws down any 
cupric oxide that may be present. (Duportal & Pelletier, Ann. Chim. 
78, 47.) Neither monocarbonate nor bicarbonate of potash or soda pre- 
cipitates gold-solution at ordinary temperatures, in whatever proportion it 
may be added, but merely produces a deepening of the yellow colour. At 
the boiling beat, these reagents, if added in small quantity, produce a 
brownish yellow precipitate, but in excess, they form a clear and nearly 
colourless liquid. White marble, moistened with gold-solution, does not 
become coloured in diffused daylight, but if heated or exposed to sun- 
shine, it acquires a purple colour. (Desmarest.) 

Phosphate of soda, ferrocyanide and ferricyanide of -potassium, and 
likewise cyanide of mercury, do not precipitate gold-solutions. 



GOLD AND NITROGEN. 

A. Nitride' of Gold? By proceeding with sal-ammoniac and "chloride 
of gold, in a manner similar to that described for the preparation of 
nitride of zinc (V, 33), a black substance is formed at the negative pole, 
having a specific gravity of 10 '3, and so constituted, that a grain of it, 
when heated, gives off 0*01 cub. in. of nitrogen gas. (Grove.) 

B. NITRATE OF AURIC OXIDE, or AURIC NITRATE. a. Gold recently 
precipitated by green vitriol dissolves in strong nitric acid, but often 
separates from it again when the liquid is agitated. (Bergman & Brandt, 
Bergm. Opu&c. 3, 356.) 

b. According to Tennant (Seller. J. 1, 307), fine gold leaves also dis- 
solve in fuming nitric acid, forming an orange-coloured solution. This 
solution, when shaken up in water, deposits auric oxide; but if it has been 
previously mixed with excess of fuming nitric acid, or if the water con- 
tains a small quantity of nitrate of potash, the gold gives up its oxygen 
to the nitrous acid, and is precipitated in the metallic state. 

c. Eecently-precipitated auric oxide, or its hydrate, dissolves in strong 
nitric acid, somewhat more abundantly than in oil of vitriol, and forms a 
yellowish brown solution. The solution, when evaporated, first deposits 
auric oxide, and finally leaves a black mixture of auric oxide and metallic 
gold ; water, if no hydrochloric acid is present, precipitates all the auric 
oxide from it, in the form of a hydrate. (Vauquelin, Pelletier, Freniy.) 

C. AURITE OF AMMONIA. Formed by treating protoxide of gold with 
aqueous ammonia. Violet. Detonates when heated. (Figuier.) 

D. AURATE OF AMMONIA. Fulminating Gold, Aurum fulminans. 
1. Auric oxide is converted into fulminating gold by immersion in caustic 
ammonia, or in sulphate, hydrochlorate, or nitrate of ammonia. In caustic 
ammonia it gains 23'3 per cent, in weight (Scheele, Opusc. 1, 102); in 
solutions of the above-mentioned ammoniacal salts, it gains 20 per cent. 
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(Bergman, Opusc. 2, 133); and the liquid acquires an acid reaction. 
(Bergman, Scheele.) Auric oxide prepared by method 3 (p. 207), if 
immersed for 24 hours in strong ammonia, then washed, and dried at 100, 
yields fulminating gold, sometimes of a dark olive-green, sometimes of a 
lighter green colour, which detonates violently. (Dumas, Ann. CMm. 
Phys. 44, 167. 2. Caustic ammonia or carbonate of ammonia precipitates 
fulminating gold from a solution of the chloride. The greater the quantity 
of free acid in the gold-solution, and the larger the excess of ammonia 
added, the greater is the quantity of gold which remains dissolved. 100 
parts of gold treated by this process yield about 125 parts of fulminating 
gold. (Bergman.) The more completely the fulminating gold is washed 
at last by boiling it with water the more easily and strongly does it 
detonate; the detonating power is likewise increased by boiling with 
solution of caustic potash or carbonate of potash, and then washing with 
water. (Bergman.) The wash-water forms a cloud with silver-solution, 
even after three days' washing. (Dumas.) The fulminating gold must be 
washed with hot water containing ammonia, to remove the chloride of 
gold. (Berzelius.) 3. From a solution of auric oxide in sulphuric or 
nitric acid, ammonia likewise throws down fulminating gold. (Bergman.) 
4. . Potash precipitates fulminating gold from a solution of gold in nitric 
acid containing sal-ammoniac. (Basilius Valentinus.) 

When prepared by the first method, it forms a green powder (Dumas); 
by the second, third, and fourth, a brownish yellow powder. 
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Fulminating gold prepared by the first method is, according to this 
analysis, 2NH 3 , AuO 3 , or, as Dumas prefers to write it, NH 3 , AuX-f-3HO. 
In calculating the formula of fulminating gold prepared by (2), which 
Dumas washed with cold but not with boiling water, the author has sup- 
posed it to be a mere mixture (varying probably according to the tem- 
perature during washing) of 1 At. chloride of gold and ammonium with 
10 At. of fulminating gold as prepared by (1) : viz. NH 4 01, AuCP-h 
10(2NH 3 , AuO 3 ). The calculation must be regarded as merely approxi- 
mative. The formula assigned by Dumas to the preparation (2) is : 
2(NH 3 , AuN) + (2NH 3 , AuCl) + 9HO. 

Proust found 73 per cent, of gold in fulminating gold prepared by (2). 
Scheele bad previously found that the quantity of oxygen in the gold- 
oxide of fulminating gold was not sufficient to convert all the hydrogen 
of the ammonia into water or, according to the views then entertained 
that the phlogiston in the ammonia was more than sufficient to reduce the 
calx of gold to the metallic state. 

Fulminating gold detonates, when rubbed, struck, or heated, or when 
an electric spark is passed upon it, with a loud, sharp report, and a faint 
light, and yields nitrogen gas, ammonia, and water. The facility and 
violence of the detonation are increased by boiling the powder with 
water, especially if the water contains caustic potash or carbonate of 
potash, also by heating it carefully. The explosion may then be brought 
about even by friction with a strip of paper. [The adhering chlorine- 
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compound is by these means dissolved or decomposed, and Q the moisture 

expelled.] Fulminating gold kept for some hours at 100 , becomes so 

inflammable that it can scarcely be touched without exploding. (Dumas.) 
Moist fulminating gold does not detonate by heat till it becomes dry, 
and then not violently and all at once, but in separate portions, as they 
give off their water. (Bergman.) The detonation by heat takes place at 
143. (Dumas.) Fulminating gold acquires a blackish tint when raised 
nearly to the temperature at which it explodes. (Bergman.) Even in 
the explosion of dry fulminating gold, only a portion is decomposed ; the 
rest is merely scattered about, and causes new explosions as it falls on the 
coal-fire below. (Bergman.) The explosion breaks through the support, 
and scatters into the air anything that may be placed upon it. Silver or 
copper supports are gilded by the explosion. Fulminating gold brought 
close to a candle from the side puts it out in exploding. The explosion 
of large masses bursts the doors and windows of the apartment. (Berg- 
man.) & A dram of fulminating gold introduced into a bottle, burst it as 
the stopper was being turned round, small particles of the substance 
having remained adhering about the mouthy and both the operator's 
eyes were irrecoverably destroyed by the projected fragments of glass. 
(Baume.) Half a dram of fulminating gold exploded in a strong glass 
vessel yields 0'7 of a cubic inch of nitrogen gas. (Bergman.) A grain of 
fulminating gold exploded in this manner yields a quantity of nitrogen 
gas equal in bulk to 1^ drams of water. (Scheele.) When fulminating 
gold is carefully mixed with large quantities of finely-divided foreign 
substances, such as alkaline or earthy salts, the earths, &c., the mixture 
may be heated without danger of explosion. Oxide of copper behaves in the 
same manner with fulminating gold ; the ignition of the mixture gives rise 
to the evolution of nitrogen gas; but not of nitric oxide. The residue contains 
metallic copper and chloride of copper. (Dumas.) A mixture of 1 pt. of 
fulminating gold and from 1 to 2 pts. of sulphur does not explode when 
gradually heated. Fulminating gold may also be introduced by separate 
small portions into melted sulphur without exploding. (Bergman.) The 
mixture gradually heated with ten times its weight of sulphur, swells up 
at 150, gives off gas, and after the sulphur has burned away, leaves 
between 73 and 74 parts of metallic gold. When fulminating gold is 
very carefully heated nearly to the temperature at which it would ex- 
plode, then cooled a little, and again more strongly heated, great care 
being taken to avoid friction, it may be ultimately raised to a red-heat 
without exploding. (Bergman.) Fulminating gold kept for some hours 
at 130, then at 140 3 , and then at 150 and 160, may afterwards be 
heated to redness without exploding, all the gold remaining behind in the 
metallic state. (Dumas.) Sulphuretted hydrogen gas and aqueous proto- 
chloride of tin decompose fulminating gold without detonation, the latter 
with formation of purple of Cassius. (Proust.) Fulminating gold remains 
unaltered when gently heated in oil of vitriol, but if the temperature rises 
to the boiling point, it is converted, without explosion, into metallic gold; 
and if the liquid be further concentrated by boiling, sulphate of ammonia 
sublimes. (Bergman.) With dilute sulphuric or with nitric acid, it may 
be^ boiled without decomposing, the boiling points of these liquids not 
being so high ^as that of strong sulphuric acid. (Bergman.) Boiling 
hydrochloric acid dissolves fulminating gold sparingly; the portion which 
remains undissolved is fulminating gold in its original state ; and the 
solution yields a precipitate of that substance when treated with potash. 
(Bergman,) Copper precipitates gold from the solution, and the remain- 
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ing liquid distilled with carbonate of potash, yields carbonate of ammonia. 
(Sclieele.) Aqueous alkalis, most acids, and alcohol, Lave no effect on. 
fulminating gold, even when heated with it. 

If the gold-solution be mixed with an insufficient quantity of ammonia, 
a yellower fulminating gold is precipitated, which contains chloride of 
gold as well as aurate of ammonia, detonates at a higher temperature 
and less violently than pure fulminating gold, and when mixed with 12 
parts of silica and heated, yields hydrochloric acid and nitrogen gases. 
(Berzelius, Lelirbuck.) 

The supernatant liquid in preparation (2) contains aurate of ammonia, 
probably combined with the hydrochlorate of ammonia in the form of a 
double salt. 

The solution of teriodide of gold in aqueous hydriodic acid, forms, with 
ammonia, a precipitate which is dark brown or black, accordingly as the 
ammonia or the gold-solution is in excess, and, when heated, detonates 
like fulminating gold, giving off iodine and ammonia. Hot nitric acid 
converts it, with evolution of iodine, into a mixture of metallic gold and 
the protiodide. (Johnston.) 

E. IODO-AURATE OF AMMONIUM. The solution obtained by digesting 
teriodide of gold in hydriodate of ammonia, yields black, strongly 
lustrous, fiat, four-sided prisms, which deliquesce in moist air. (Johnston.) 

F. CHLORO-AURATE OF AMMONIUM. a. Yelloio. The neutral solution 
of chloride of gold, mixed with sal-ammoniac, yields, by spontaneous 
evaporation, golden-yellow, transparent needles, or right rectangular 
prisms with quadrilateral summits, or large rhombic tables. The crys- 
tallized salt, when exposed to the air, begins to effloresce, even in a few 
minutes. When heated a little above 100, it gives off all its water and 
becomes darker, but resumes its pale yellow colour on cooling. At a 
higher temperature, it fuses into a reddish liquid, giving off chlorine and 
sal-ammoniac, and leaving gold. If the heat be carefully applied, this 
decomposition takes place without fusion, so that the gold still retains 
the form of the crystals. (Johnston.) 

1). Red. J . The yellow salt dissolves with effervescence in hot aqna- 
regia, forming sometimes a reddish yellow, sometimes a deep blood-red 
liquid, which, on cooliug, deposits yellow prisms, similar to those of a, but 
acquiring a deep red colour at 149. On evaporating the solution, there 
remains a blood-red mass or deep purple-red, if the temperature be 
raised to the point of incipient decomposition which, when exposed 
to the air, deliquesces very rapidly and forms a yellow liquid ; and this, 
when evaporated, leaves a red liquid, which solidifies on cooling in a 
mass consisting of dark red needles. Alcohol poured upon this mass 
separates sal-ammoniac and greenish yellow gold-particles, and forms a 
dark red solution, which, on evaporation, yields reddish yellow, four- 
sided prisms. These crystals turn red at 100, fuse at a somewhat 
higher temperature, and then solidify in a mass, which, when examined 
by the microscope, is found to be made up of cubes. Alcohol dissolves 
these cubes in the same manner as the original mass, but only partially. 
The aqueous solution is not decomposed by alcohol. Ammonia forms 
with it a light brown precipitate. 2. By evaporating a mixture of sal- 
ammoniac and acid gold-solution [likewise containing nitric acid "?] in a 
glass, with frequent stirring and at a high temperature, so that the yellow 
salt which collects on the sides may dissolve with effervescence in the 
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liquid. The liquid, on further evaporation, becomes blood-red, and when 
cooled, yields a great number of bright red cubes, with which, at "a later 
stage of the operation, small yellow prisms of the yellow salt a become 
mixed. The cubes, when kept in a sealed tube, turn yellow in a few 
weeks without change of form. (Johnston. ) 

The sublimate which Storr obtained (Orell. ff. Entd. 2, 40) by heating 
| oz, (1 loth) of sal-ammoniac with 21 gold-leaves, exhibited a purple 
colour in particular places, formed a solution of the same colour with 
water, and the solution, when left to stand for some time, or mixed with 
carbonate of potash, yielded a purple precipitate, 



GOLD AND POTASSIUM. 

A. ALLOY OF GOLD AND POTASSIUM. Potassium acts rapidly on gold 
at high temperatures. Water extracts potash from the compound, leaving 
the gold unaltered. (H. Davy.) 

B. AURITE OF POTASH. When protochloride"of gold is decomposed 
by solution of potash, part of the resulting protoxide dissolves in the 
potash, forming a green solution; the compound is, however, soon resolved 
into metallic gold which gilds the sides of the vessel, and aurate of 
potash. (BerzeHus.) 

C. AURATE OF POTASH. When nitre is melted for a long time in a 
golden tube, the potash thereby produced forms a yellow solution in 
water. This solution, when mixed with nitric or sulphuric acid, acquires 
a darker colour, and deposits metallic gold, the reduction being probably 
due to the nitrite of potash present in the liquid. (Tennant, Scher. J, 
1, 306.) 

Pelletier, by boiling the hydrated auric oxide precipitated by magnesia 
and exhausted by boiling water (it still contained magnesia), or the 
hydrate precipitated by water from the nitric acid solution, with caustic 
potash, obtained an alkaline liquid, which crystallized indistinctly on 
evaporation, depositing at the same time a small quantity of anhydrous 
auric oxide, and when supersaturated with hydrochloric acid, yielded a 
yellow gold-solution ; when mixed with excess of sulphuric or nitric acid, 
it gave a yellow flocculent precipitate of hydrated auric oxide, which 
soon turned violet, and when the liquid was further concentrated, became 
black. If, however, the aurate of potash had been previously mixed 
with a metallic chloride, sulphuric or nitric acid formed a clear yellow 
mixture. According to the more recent observations of Figuier, it re- 
mains to be determined whether the liquids obtained by Tennant and 
Pelletier may not contain peraurate of potash. Aurate of potash (or 
soda) obtained, either by boiling a solution of chloride of gold with 
excels of mouocarbonate or bicarbonate of potash (or soda), or by boiling 
auric oxide precipitated by magnesia with solution of potash (or soda ), gilds 
copper, brass, and bronze, and is peculiarly well adapted for that purpose 
(vid. Elkington, Pogrj. 55, 160; Schubarth, J. pr. C/iem. II, 339). 

*[. Fremy obtains aurate of potash in the crystalline state by evapo- 
rating the solution of pure auric oxide (auric) acid in a slight excess of 
puie potash, first over the open fire and then in vacuo. If the liquid is 
very concentrated, the aurate of potash crystallizes in small needles, 
having a faint yellowish colour and arranged in warty groups; the liquid 
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often solidifies in a mass on slight agitation. To free the crystals from a 
certain' quantity of potash or carbonate of potash which often adheres to 
them, they must be quickly washed with cold distilled water, or else 
recrystallized, which is better; the crystals are laid on unglazed porcelain, 
and dried in vacuo. During the evaporation, a certain quantity of gold 
generally separates, and must be removed by decantation. Aurate of 
potash is very soluble in water, imparting to it a slight yellowish colour, 
and a strong alkaline reaction. 
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Decomposes at a gentle heat, with a kind of decrepitation, giving off 
oxygen and water, and leaving a residue of metallic gold and potash, 
generally mixed with peroxide of potassium. Nearly all organic sub- 
stances recfuce aurate of potash, precipitating metallic gold ; attempts to 
moderate the action of the reducing agents, in such a manner as to obtain 
potash-salts containing a lower oxide of gold, were unsuccessful. Aurate 
of potash gives precipitates with most metallic salts 3 showing that the 
corresponding aurates are insoluble in water. Many of them, however, 
are soluble in excess of the reagent; thus, chloride of calcium forms with 
aurate of potash a precipitate of aurate of lime soluble in excess of chlo- 
ride of calcium. (Fremy, N. Ann. Chim. Phys. 31, 478.) 1f 

Aurate of potash appears to be capable of combining with other 
potash-salts to form double salts. 

As auric oxide precipitated by potash from the gold-solution retains a 
portion of potash so obstinately that it cannot be extracted by water but 
only by nitric acid, there must likewise exist an insoluble aurate of potash 
with excess of auric acid. 

D. SULPHIDE OF GOLD AND POTASSIUM. A urosulpkuret of Potassium. 
Gold dissolves in fused potassic liver of sulphur. ^f When 1 At. gold, 
2 At. protosulphide of potassium, and 6 At. sulphur are melted together 
in a crucible, a fused mass is obtained, which, when digested in water, 
yields a solution probably containing the compound KS, AuS ; this solu- 
tion, when evaporated, yields a mass of indistinct crystals, the composition 
of which could not be correctly determined by analysis. (Y"orke.) ^T 
Aqueous sulphide of gold and potassium is obtained : i. By dissolving 
sulphide of gold in a hot aqueous solution of sulphide of potassium, 
or of caustic potash. 2. By boiling finely-divided gold and sulphur with 
hydrosulphate of potash, caustic potash, or carbonate of potash. Hydro- 
sulphate of potash does not dissolve gold without the addition of sulphur. 
3 parts of sulphur and 3 parts of crude potash dissolve 1 pt. of gold 
when boiled with it in water. (Stahl.) Acids added to the reddish 
yellow solution of sulphide of gold and potassium, precipitate sulphide of 
gold in the form of a brown powder. (Oberkampf.) 

^f E. AUROSULPHITE OP POTASH. When sulphite of potash is added 
drop by drop to a solution of aurate of potash previously mixed with excess 
of alkali, the liquid first acquires a brown colour, and immediately after- 
wards this salt crystallizes out in beautiful yellow needles. These crystals 
are nearly insoluble in the alkaline liquid; but pure water, especially at a. 
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boiling heat, decomposes and dissolves them, with evolution of sulphurous 
acid and separation of metallic gold. Acids decompose this salt imme- 
diately, likewise causing an escape of sulphurous acid and precipitation 
of gold. Organic substances also reduce the gold. After drying in vacuo, 
the salt may be preserved in well-stopped bottles for two or three 
months, but not longer ; even in sealed tubes, it ultimately decomposes, 
sulphurous acid being liberated, and a blackish mass left, chiefly consist- 
ing of metallic gold and sulphate of potash. The same decomposition is 
rapidly brought about by heat. (Fremy.) 

Premy. 

5KO 236 .... 31-06 .... 29'5 

AuO 3 223 .... 29-34 .... 29'1 

8S0 2 256 .... 33-68 .... 37-0 

5HO 45 .... 5-92 .... 

KO,Au0 3 + 4(KO,2S0 2 ) + 5Aq.... 760 .... lOO'OO 

This salt might also be regarded as sulphite of auric oxide and potash : 
5(KO, SO 2 ) + AuO 3 , 3S0 3 + 5 Aq. ; considering, however, the little^ ten- 
dency which auric oxide has to combine with acids, it is not very likely 
that it should unite with so powerful a reducing agent as sulphurous acid. 
Fremy is most inclined to regard this compound as the potash-salt of a 
ternary acid composed of gold, sulphur, and oxygen, analogous to his 
sulphazotic acid. (Ann. Pharm. 56, 315.) IT. 

F. IODO-ATJRATE OF POTASSIUM. 1. Formed by adding nearly 
1 At. terchloride of gold (with agitation) to 4 At. iodide of potassium 
dissolved in water, and leaving the dark-coloured liquid to crystallize : 

4KI + AuCl 3 = 3KCl + (KI,AuP). 

2. Teriodide of gold dissolves abundantly in hot aqueous iodide of 
potassium, forming a dark red-brown liquid which yields the same crystals. 
(Johnston.) The solution of protiodide of gold in aqueous iodide of 
potassium (the formation of which is attended with separation of gold), 
when evaporated over the water-bath, and even at lower temperatures, 
gives off iodine and deposits gold, but nevertheless sometimes yields crystals 
of the double iodide. (Fordos.) Long, slender, four-sided prisms, striated 
on the two lateral faces, and with dihedral summits. Strongly lustrous, 
black and opaque, even by candle-light. At 66 they give off part of 
their iodine, and acquire a purple colour. When exposed to the air at 
ordinary temperatures, they give it off very slowly. When heated in a 
tube, they yield a skeleton of gold, which still retains the crystalline 
form. In water they dissolve with partial decomposition j aqueous 
hydriodic acid and very dilute iodide of potassium dissolve them per- 
fectly. (Johnston.) 

Crystallized. Johnston. 

KT 165-2 .... 22-26 .... 22-27 

Au 199-0 .... 26-81 .... 26-71 

31 378-0 .... 50-93 .... 51*02 

KI,A.uP 742-2 1. 100.00 1. 100-00 

G-. BROMO-ATJRATE OF POTASSIUM. Formed by mixing aqueous ter- 
bromido of gold with bromide of potassium. The solution of the dehy- 
drated salt in absolute alcohol, deposits, when evaporated by heat, 
anhydrous crystals, having the form of rhombic prisms and irregular 
six-sided prisms, and the same colour as the bydrated salt. The 
aqueous solution yields hydrated crystals, which are also right rhombic 
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prisms. Fig. 63; u r : ^=102 30'. By reflected light they exhibit a 
semi-metallic lustre and the colour of specular iron ; by transmitted light 
they appear of a fine purple-red. In dry air they effloresce, assuming 
the appearance of blood-stone; they give off all their water at 60. They 
dissolve sparingly in water, forming a deep reddish yellow-brown solu- 
tion, more readily in alcohol. (Bonsdorff, Fogg. 19, 346; 33, 64.) 

Anhydrous. Hydrated. 

KBr 117-6 .... 21-31 KBr 117*6 .... 19*71 .... 20-16 

Au 199*0 .... 36-06 Au 199'0 .... 33'34 .... 33*12 

3Br 235-2 .... 42-63 3Br 235*2 .... 39-41 .... 39*84 

5HO .... 45-0 .... 7-54 .... 6*88 



KBr^AuBr 3 551-8 .... 100*00 



596- 



100-00 



100-00 



H. CHLORO-AURITE OP POTASSIUM. KC1, AuCL Formed by fusing 
the chloro-aurate. In the fused state, this compound is black-brown, 
translucent at the edges, where it exhibits a dark brown colour; when 
cold it is yellow. In a close vessel it sustains a continued red heat with- 
out decomposing. "When digested in water (or hydrochloric acid) it is 
resolved into metallic gold and a soluble mixture of chloride and chloro- 
aurate of potassium. (Berzelius.) 

I. CHLORO-AURATE OF POTASSIUM. By evaporating and cooling a 
solution of chloride of gold mixed with chloride of potassium, yellow, 
hydrated crystals are obtained (Javal), which give off their water at 100, 
and are reduced to a lemon-yellow powder (Berzelius). At a higher 
temperature the salt fuses into a dark red-brown liquid, and is converted, 
with loss of chlorine, into the compound H. (Berzelius) ; and when kept 
for a loDg time at the temperature of melting glass, it is resolved into a 
mixture of gold and chloride of potassium, a portion, however [in the 
form of the salt H], remaining undecomposed. (Javal.) Hydrogen gas 
passed over the salt at a red-heat, decomposes it completely, yielding 
hydrochloric acid gas and a mixture of gold and chloride of potassium. 
(Berzelius & Johnston.) 

The hydrated crystals are yellow four-sided prisms (Javal), orange- 
yellow rhombic prisms with striated surfaces, or needles, or large six-sided 
tables. (Berzelius & Johnston.) According to Berzelius, the prisms are 
perpendicularly truncated; according to Johnston, obliquely. A very acid 
solution yields thick prisms ; a neutral solution, needles; and a solution 
supersaturated with chloride of potassium, and left to evaporate spon- 
taneously, yields tables (Berzelius & Johnston). The crystals effloresce 
slightly when exposed to the air (Javal, Johnston); they effloresce very 
quickly in dry air, yielding a sulphur-yellow powder; at 100 they give 
off all their water without a trace of chlorine, (Berzelius, JV. Edirib. J. of 
Sc. 3, 281; also Pogg. 18, 599.) At 100 they give off only 8 per cent., 
and do not evolve any more till heated to the point at which chlorine 
likewise begins to go off; they then give off at most 9*43 p. c. (Johnston, 
N. Edirib. J. of Sc. 3, 290.) The crystals dissolve readily in water, 
forming a bright yellow solution. (Javal, Ann. Chim. Phys. 17, 337 ; 
also N. Tr. 6, 2, 285.) They are also easily soluble in alcohol. (Ber- 
zelius.) 

Anhydrous. 

KC1 74-6 .... 19-64 

Au 199-0 .... 52-40 

3C1 106-2 .... 27-96 



KCl,AuCl 3 



379-8 



100-00 
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Crystallizei 
tli . . 74-6 
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.... 17-57 .... 17*53 ... 
.... 46-84 .... 46-80 ... 
.... 25-00 .... 25-05 ... 
.... 10-59 .... 10 ; 62 ... 


JoTinstcm. 
. 18-33 .... 
. 46-731 
. 25-44) - 
9-45 .... 
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Kt)l,AuCi 5 + 5Aq 424-8 .... lOO'OO .... 100*00 .... lOti'OO .... 100-00 

A red solution is obtained by dissolving the salt I in aqua-regia ; 
but this solution yields on evaporation, not a red mass, but yellow crys- 
tals which do not turn red even when heated. (Johnston.) 

K. AURATE OP POTASH WITH CHLORIDE OF POTASSIUM 1 When a 
gold-solution is precipitated by excess of potash (or carbonate of potash), 
there remains a pale green liquid, which, on evaporation, yields crystals 
of chloride of potassium mixed with yellow crystals ( Vauquelin) ; all 
acids, even very weak ones, colour it yellow by withdrawing potash and 
separating chloride of gold. The addition of an excess of potash pro- 
duces no further precipitate in the liquid. (Oberkampf, Pelletier.) A 
mixture of the solution of chloride of gold and an alkaline carbonate is 
reduced by sugar on the application of a gentle heat. (Dobereiner, Ann. 
Pharm. 2, 5.) Pelletier supposes that the gold-solution, after precipi- 
tation by excess of potash, contains independently : chloride of potassium, 
chloride of gold, and aurate of potash. 'According to Figiiier's experi- 
ments it probably contains peraurate of potash, together with chloride of 
potassium and aurate of potash. 

According to Pelletier, auric oxidg dissolves in small quantity in a 
boiling aqueous solution of chloride of potassium ; the liquid is yellowish 
and has a slight alkaline reaction j it therefore probably contains ter- 
chloride of gold, aurate of potash, and chloride of potassium (chemically 
combined ?) 

GOLD AND SODIUM. . 

IT A. SULPHIDE OP GOLD AND SODIUM. Aurosulphuret of Sodium. 
1. Formed by heating to bright redness a mixture of 1 At. gold, 2 At. 
protosulphide of sodium, and 6 At. sulphur, digesting the fused mass in 
water, filtering the resulting yellow solution in an atmosphere of nitrogen, 
and concentrating in vacuo over sulphuric acid ; yellow crystals are 
thereby obtained, which become colourless by recrystallization. 2. By 
dissolving sulphide of gold (obtained by treating a solution of the chlo- 
ride with sulphuretted hydrogen, and probably consisting of AuS 2 ) in 
aqueous protosulphide of sodium, and leaving the solution to crystallize. 
The crystals belong to the oblique prismatic (monoclinometric) system; 
they are six-sided prisms, with trilateral or quadilateral summits. They 
quickly turn brown in the air, and when heated, give off water, and 
afterwards sulphur. They are soluble in water and alcohol. Acids added 
to the solution throw down a yellowish brown precipitate, containing 
1 At. gold and from 1 to 2 At. sulphur, sulphuretted hydrogen being 
likewise evolved. The solution, when exposed to the air, slowly decom- 
poses and turns brown. (Yorke, Ghem. Soc. Qu. J. 1, 236.) 
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NaS,AaS + 8Aq.;.. 326'2 .... 100*00 .... 99'fio 
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Sulphide of hydrogen and sodium, digested with sulphide of gold,, 
dissolves but a ver y small quantity of it at ordinary temperatures ; on 
heating the solution, the sulphide of gold is reduced. (Yorke.) 

B. HYPOSULPHITE OP AUROUS OXIDE AND SODA. a. When terchloride 
of gold and hyposulphite of soda are dissolved in very small quantities of 
water, the solutions mixed, and alcohol added, a precipitate is formed, 
consisting of this salt, while tetrathionate of soda and chloride of sodium 
remain in solution : 

AuCl 3 + 4HO = [3(NaO,S 2 2 ) + AuO,S 2 O 2 -f 4Aq] 



By redissolving the precipitate in a small quantity of water, and repreci- 
pitating with alcohol, the salt is obtained in a state of purity ; it then 
forms colourless needles, insoluble in strong alcohol, very easily soluble 
in water, and having a sweet taste. 

Fordos & Gelis. 



Au 


. 199'0 


37-65 


. 37-35 


3Na 


69-6 ... 


13-17 


. 13-27 


8S 


128-0 .. 


24-21 


. 24-33 


120 


96-0 ... 


18-16 


. 18-35 


4HO 


.. . 36-0 ... 


6.81 


6*70 










3(NaO,S-0-) + AuO,S-O" 2 + 


4Aq.... 52S-6 ... 


. 100-00 . 


... 100-00 



The salt, when heated in a tube, first gives off water, then sulphur 
and sulphurous acid; the water does not go off at 100; but between 150 
and 160, the salfc loses from 6'4 to 7*0 per cent, of water without decom- 
position. When exposed to the air, it takes up this water again in the 
course of 24 hours. Decomposes when suddenly heated, leaving metallic 
gold and sulphate of soda: it is free from chlorine. Nitric acid acts 
rapidly upon it, forming sulphuric acid; sulphuretted hydrogen and 
soluble metallic sulphides precipitate the solution brownish yellow. 
Tincture of iodine forms no precipitate in a concentrated solution of this 
salt; but on diluting with a large quantity of water, after saturation, pure 
yellow protiodide of gold is immediately precipitated, while iodide of 
sodium and tetrathionate of soda remain in the liquid : 

[3(NaO, S-0-) + AuO, S-O-] + 21 = Aul + Nal -r 2(NaO,S 4 5 ). 

The protiodide of gold is subsequently resolved by the action of the 
dissolved iodide of sodium into metallic gold and the teriodide ; but its 
precipitation in the first instance, free from teriodide, shows that the 
original salt contains no teroxide of gold. The presence of gold in this 
salt is not indicated by green vitriol, protochloride of tin, or oxalic acid. 
Hydrochloric acid, dilute sulphuric acid, and vegetable acids added to the 
solution, neither separate sulphur nor sulphurous acid; nitric acid alone 
decomposes it at ordinary temperatures. Chloride of barium throws down 
a precipitate somewhat soluble in water, but completely separable on the 
addition of alcohol ; this precipitate probably consists of a hyposulphite 
of aurous oxide and baryta corresponding to the soda-salt. 

A solution of this salt, containing from 1 to H pt. in 1000 parts of 
water, is recommended by Fordos and Gelis for fixing the pictures on 
Daguerreotype plates, instead of the usual mixture of chloride of gold 
(1 pt. in 500 of water) and hyposulphite of soda (3 pts. in 500). 

By the further action of hyposulphite of soda on chloride of gold, 
other products are formed; and among the rest, a brown substance soluble 
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in water and insoluble ia alcohol; it appears to be richer in gold than the 
salt above described, and when the chloride of gold is in excess, is 
resolved into sulphuric acid and metallic gold. (Fordos & Gelis, N. Ann. 
Ckim. Phys. 13, 394.) 

5. Another hyposulphite of aurous oxide and soda, containing 
SNaO, S 2 2 +AuO,S 2 2 H-5 Aq. is mentioned by Himly. (Ann. Pkarm. 
59, 95.) IT 

C. HYPOSULPHITE OF AURIC OXIDE AND SODA. Formed by dropping 
a solution of chloride of gold free from excess of acid into aqueous hypo- 
sulphite of soda, the latter being somewhat in excess. If an excess of 
gold-solution be added, sulphide of gold is precipitated. The mixture 
assumes a reddish tint at first, but soon becomes colourless. It contains 
no sulphuric acid, but appears to contain tetrathionate of auric oxide and 
soda, as well as hyposulphite. (Fordos & Gelis, N. J. Pkarm. 4, 338.) 

IT D. SULPHITE OP AUROUS OXIDE AND SODA ? Colourless in so- 
lution, but when precipitated by alcohol, it is yellow, like fulminating 
gold by reflected light, and red like gold-purple by transmitted light. 
With nitrate of silver it gives a precipitate having the colour of chromate 
of lead, and with lead-salts, a red, perfectly insoluble compound. In 
composition it corresponds to the hyposulphite B, 6. (Himly.) IT 

E. IODO-AURATE OF SODIUM. The solution of teriodide of gold in 
aqueous iodide of sodium, obtained by digestion, yields highly deliquescent, 
strongly lustrous, black, four-sided prisms. (Johnston.) 

F. BROMO-AURATE OP SODIUM. Has the aspect and colour of the 
corresponding potassium-salt; appears not to effloresce; dissolves slowly 
in water, forming a reddish yellow-brown solution. (BonsdorfF.) 

Gr. CHLORO-AURATE OF SODIUM. Formed by evaporating to dryness 
the solution of 4 parts of gold in aqua-regia, dissolving the residue in 8 
parts of water, adding 1 part of common salt, evaporating the liquid 
down to 4 parts, and leaving it to crystallize by cooling. If a large 
quantity of common salt be added, the excess crystallizes out separately; 
if the quantity be smaller, free chloride of gold remains in the mother- 
liquid. (Figuier, J. Pkarm. 6, 84; 8, 157; also Repert. 14, 169; Schw. 
35, 342; N. Tr. 6, 2, 301; and 8, 218.) Long, orange-yellow, four-sided 
prisms (Figuier); large rhombic prisms and tables (Berzelius & Johnston). 
Aurora-red, four-sided prisms, acuminated with four faces and again trun- 
cated ; or six-sided prisms. (Bley, N. Br. Arch. 22, 70.) The crystals 
are permanent in the air. (Figuier.) They give off their water with diffi- 
culty ; after two hours' careful heating, they lose only 1*12 per cent, of 
water; and to drive off all the water, strong and continued heating is 
required, in which case chlorine is likewise given off. (Berzelius & John- 
ston.) At a red-heat, the salt gradually evolves chlorine, but a long-con- 
tinued heat is required to decompose the chloride of gold completely. 
(Figuier.) 

Anhydrous. 

KaCl 58.6 .... 16-11 

Au 199-0 .... 54-70 

3C1 106-2 .... 29-19 
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Crystallized. 



Berzelius & 
Johnston. Thomson. Figuier. 



NaCl 


58-6 .. 


.. 14-66 .. 


.. 14-47 .... 


14-85 ... 


. 14-1 


Au 


199-0 .. 


.. 49.78 .. 


.. 49-50 .... 


49-51) 




3C1 


106-2 .. 


.. 26-56 .. 


.. 26-50 .... 


17-82) '" 


. 69*3 


4HO 


36-0 .. 


9*00 .. 


9-53 .... 


17-82 ... 


. 16*6 















NaCl,AuCl 3 +4Aq. 399'8 .... lOO'OO 



100-00 



100-00 



100-0 



By treating the salt with aqua-regia, according to the first process 
described on page 225, with reference to chloro-aurate of ammonium, a 
red salt is obtained of precisely corresponding character, excepting that 
the saline mass which remains on evaporation is not purple, but blood- 
red. (Johnston.) 

H. AURATE OF SODA WITH CHLORIDE of SODIUM. Similar to the 
corresponding potassium-compound. Auric oxide likewise dissolves in a 
boiling solution of common salt in the same manner as in solution of 
chloride of potassium. (Pelletier.) 



GOLD AND LITHIUM. 

CHLOIIO-AURATE OF LITHIUM. A solution of chloride of gold evapo- 
rated with chloride of lithium, yields orange-yellow, four-sided needles. 
If the chloride of lithium contains chloride of potassium, chloro-aurate of 
potassium separates ont first. The crystals of the lithium-salt are highly 
deliquescent, become opaque at 100 from loss of water; and when heated 
over a spirit-lamp, are completely decomposed into chlorine gas and a 
mixture of gold and chloride of lithium. (Johnston.) 



GOLD AND BARIUM. 

A. AURATE OF BARYTA, When a normal solution of chloride of 
gold is mixed with baryta-water, a compound is precipitated, containing 
a large proportion of auric oxide united with baryta, and a small quantity 
of hydrochloric acid, which latter substances cannot be extracted by 
water, but only by strong nitric acid, which must be afterwards diluted 
to separate the auric oxide. (Pelletier.) 

^ B. HYPOSULPHITE OF AUROUS OXIDE AND BARYTA 1 Analogous 
to the soda-salt B, a. (p. 251. ) Slightly soluble in water, but insoluble 
in alcohol. When treated with sulphuric acid, it yields an acid salt con- 
taining AuO, uncrystallizable, strongly acid, and slightly decomposible 
at ordinary temperatures. (Fordos & Gelis,) ^f 

C. IODO-AURATE OF BARIUM. Teriodide of gold dissolves in iodide 
of barium, forming a red-brown solution. 

D. BROMO-AURATE OF BARIUM. Eed-brown prisms, permanent in 
the air. (Bonsdorff.) 

E. CHLORO-AURATE OF BARIUM. Yellow, rhombic prisms, shortened 
into tables. Fig. 61, u' : 2:=105 . Permanent in dry air, deliquescent 
in moist air. (BonsdorfF.) 



1 ^ 
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E. AURATE OP BARYTA WITH CHLORIDE OF BARIUM*? When a solu- 
tion of chloride of gold is precipitated by excess of baryta^ there remains 
a colourless liquid, which, when evaporated in the air, deposits a violet 
mixture of auric oxide and carbonate of baryta. (Pelletier.) Gold- 
solution previously mixed with a sufficient quantity of chloride of barium, 
gives no precipitate with baryta- water. (Oberkampf.) Aurio oxide 
dissolves in a boiling solution of chloride of barium, in the same manner 
as in chloride of potassium. (Pelletier.) 

When sulphate of baryta is precipitated by sulphuric acid from a 
gold- solution mixed with chloride of barium, all the auric oxide goes down 
with it. (Berzelius, Ann. Chim. Phys. 14, 376.) 



f N 

| GOLD AND STRONTIUM. 

A. IODO-AURATE OF STRONTIUM. Aqueous iodide of strontium 
dissolves teriodide of gold, forming a red-brown liquid. (Johnston.) 

B. CHLORO-AURATE OF STRONTIUM. Yellow rhombic prisms perma- 
nent in the air. (Bonsdorff.) 

C. AURATE OF STRONTIA WITH CHLORIDE OF STRONTIUM. -7- A solution 
of chloride of gold mixed with a sufficient quantity of chloride of stron- 
tium Is no longer precipi table by stroutia- water. (Oberkampf,) 

GOLD AND CALCIUM. 

A. CHLORO-AURATE OF CALCIUM. Long rhombic prisms united in 
radiating masses, permanent in dry air, deliquescent in ordinary air. 
(Bonsdorff.) 

Anhydrous. Crystallized. BonsdorfF. 

CaCl ........ 55-4 .... 15-36 CaCl .... 55'4 .... 13-36 .... 13-70 

AuCl 3 ........ 305-2 .... 84-64 AuCl 3 .... 305'2 .... 73-61 <;<J 71-53 

6HO .... 54-0 .... 13-03 .... 14-77 

CaCl.AuCl 3 360-6 .... lOO'OO + BAq.... 414*6 .... lOO'OO .... 100-00 ' 

B. AURATE OF LIME WITH CHLORIDE OF CALCIUM. Analogous to the 
strontium-compound. 

GOLD AND MAGNESIUM. 

A. AURATE OF MAGNESIA. Magnesia heated with the normal solu- 
tion of chloride of gold, throws down aurate of magnesia. If the mag- 
nesia is not in excess, the precipitate contains hydrated auric oxide, 
magnesia, and chloride of gold. If the magnesia is in excess, a portion 
of the superabundant quantity likewise mixes with the precipitate. 
Nitric acid dissolves out the magnesia, leaving a residue of hydrated or 
anhydrous auric oxide, accordingly as the acid is dilute or concentrated. 
(Pelletier.) 

B. BROMO- AURATE OF MAGNESIUM. Dark brown rhombic prisms, 
slightly translucent, and exhibiting a reddish tint by transmitted light : 
they are permanent in dry, but deliquesce in moist air. (Bonsdorff.) 
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C. CHLORO-AURATE OP MAGNESIUM. Short rhombic prisms of a 
lemon-yellow colour. (Fig. 61) u' : w=10S. When gently heated, they 
give off their water of crystallization, and fuse into a dark brown liquid 
which gives off chlorine, and finally dries up. Permanent in a dry winter 
air, but deliquescent in summer air. (Bonsdorff.) 

Anhydrous. Crystallized. Bonsdorff. 

MgCl ........ 47-4 .... 13-44 MgCl .... 47-4 .... 10'29 ...; 11 -0 

AuCl 3 ....;... 305-2 .;.< 86*56 AuCl 3 ..;; 305-2 .... 66*26 .... 64*5 

12HO .... 168-0 .... 23-45 .... 24'5 



MgCl,AuCl 3 352-6 .... 100-00 



460-6 



100-00 



100-0 



D. AURATE OF MA&NESIA WITH CHLORIDE OP MAGNESIUM 1 When 
a hot solution of chloride of gold has been precipitated by excess of mag- 
nesia, there remains a colourless liquid, which contains a small quantity 
of auric oxide, and turns yellow when mixed with hydrochloric acid. 
(Pelletier*) 

GOLD AND SlLICIUM; 

GLASS-FLUX COLOURED BY GOLD. Ruby-glass. Finely-divided me- 
tallic gold, chloride of gold, fulminating gold, the precipitate thrown 
down from a solution of the chloride by potash or soluble glass, the purple 
of Cassius, &c., fused at a continued gentle heat, with a glass containing 
oxide of lead, impart to it, according to circumstances, a yellow or a 
purple-red colour. 

As the theory of ruby-glass is at present involved in great obscurity, 
some supposing it to contain the yet undetermined red oxide of gold, 
while others, with less probability, suppose it to contain very finely 
divided metallic gold, it will be sufficient to collect together the more 
important observations relating to its preparation and properties : 

A glass-flux is prepared from 5 parts of quartz-powder, 8 of red-lead, 
1 of carbonate of potash, and 1 of nitre; it is then poured out of the 
pots into water and beaten. One pound of this flux is mixed with 3 loth 
(6 oz.) of crystallized borax, 45 grains of stannic oxide (this is essentially 
necessary), 45 grains of antimonic oxide (which is superfluous), and a 
solution of -g^- of a ducat in aqua-regia. This mixture is fused for 12 
hours (or for a shorter time) at a very gentle heat, the glass-pot left to 
cool in the annealing furnace, and broken to pieces when cold : the pro- 
duct thus obtained is crude ruby-glass having the colour of topaz. This 
substance, when gently heated contact of smoke not being at all 
necessary, but rather prejudicial gradually assumes a red colour through- 
out its mass ; this reddening takes place even during the shaping of the 
glass in the working aperture. When ruby-glass which has been red- 
dened by heat is fused, it completely loses its purple colour, and becomes 
marked with liver-coloured spots, which are nothing more than reduced 
gold in a fine state of division. If the glass is deficient in stannic oxide, 
which should amount to at least 30 grains for ^ of a ducat, the red colour 
produced is fainter, and liver-coloured spots are formed. (Fuss, J. pr. 
Chem. 7, 417.) 

Purple of Cassius mixed and fused with borax, white glass, or lead- 
glass, remains within it unaltered, till the temperature reaches the melting 
point of gold, at which point globules of gold separate from it, and collect 
at the bottom of the crucible. At a stronger heat, the glass acquires a 
yellow colour; when still more strongly heated, it gradually becomes 
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brownish-yellow, green, and bluish-green; and when ^ exposed for eighi 
hours to a yet higher temperature in a strongly drawing air-furnace, 11 
becomes orange-coloured, aurora-red, and purple. After slow cooling 
the mass is colourless or yellow, but becomes purple or violet wher 
heated till it softens. In the glass-works, the purple of Cassius ii 
fused with a flux into the form of a turbid, yellow glass, which it 
then added to the mass of glass to be coloured, and the fused pro-due- 
poured out into water, whereby a topaz-yellow glass is obtained 
penetrated with brilliant granules of gold. This fusion and pouring 
out into water is repeated from four to six times, till the glass ac 
quires a purple-red colour, and no- longer exhibits globules of gold 
The gold which separates at the beginning of the fusion is therefor* 
gradually taken up by the glass, and imparts to it a yellow colour whei 
in small, and a red colour when in larger quantity. The stannic oxide ii 
quite superfluous; metallic gold, chloride of gold, or fulminating gold 
yields the same colours with glass [free from tin f] and indifferently will 
or without the contact of air and oxidizing agents. Everything depend! 
on the strength and duration of the heat. The violet purple of Cassius 
which contains more stannic oxide than the red, does not directly form j 
violet glass. Part of the stannic oxide is reduced to the state of metal 
which sinks to the bottom, and another portion forms an enamel whicl 
partly rises in the form of scum, and is partly deposited on the sides o 
the crucible. The stronger the heat, the smaller is the quantity of reducec 
tin, and the greater the quantity of enamel obtained. Glass saturatec 
with gold is opaque and yellow, and by itself is incapable of assuming 
any other colour. It requires to be fused at a continued strong heat wit! 
a larger quantity of crystal-glass ; the mixture thus obtained is yellow 
paler in colour the larger the quantity of crystal-glass added ; it is some 
times even colourless. At the softening temperature, the yellow glas 
assumes a carmine-red, the colourless glass a wine-red colour. Glas 
which has been reddened by the softening heat becomes colourless whei 
heated to the melting point. When again heated to the softening point 
it becomes violet; and if these alternations be continued, the glass bein^ 
first softened at a gentle heat and then fused, it finally becomes blue a 
the softening temperature. At length, however, it becomes colourles 
when fused, and no longer acquires a blue colour at the softening heal 
unless it be ignited very strongly and for a very long time, in order t 
diffuse the gold uniformly through it. (Golfier; Besseyre, Ann. Clivm 
Phys. 54, 48.) 

Any gold-precipitate fused in the glass-furnace with soft crystal-glass 
yields a transparent and colourless glass, pieces of which, when heated t 
redness in a retort, and therefore out of contact of all reducing agents 
acquire a purple-red colour. (Proust, N. Gehl. 1, 504.) 

IF Among the various explanations which have been suggested fo 
the red colouring imparted by heat to colourless auriferous glass, th 
most probable, according to H. Rose (Pogg. 72, 556), is, that the coloui 
less glass contains a silicate of aurous oxide, which requires a high tern 
perature to produce it, and can bear that temperature without decom 
position; but that when it is heated to a lower temperature, part of th 
aurous oxide separates out, and produces the colour; and finally, at 
stronger heat, the separated aurous oxide is reduced, and the glass thereb 1 
rendered liver-coloured and opaque. Glass coloured by cuprous oxid 
exhibits precisely similar characters. If 
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GOLD AND TUNGSTEN. 



A. ALLOY OF GOLD AND TUNGSTEN. 
(De Luyart.) 



-Yellow; very refractory. 



B. AURIC SULPHOTUNGSTATE. AuS 3 , 3WS 3 . Sulphotungstate of 
potassium forms with solution of chloride of gold a transparent, dark- 
brown mixture, which, when exposed to the air for a few days, forms a 
translucent precipitate, which blackens on being collected. (Berzelins.) 



GOLD AND MOLYBDENUM. 

A. ALLOY OF GOLD AND MOLYBDENUM. 2 parts of gold and 1 part 
of molybdenum form a black, brittle globule. (Hielrn.) 

B. MOLYBDATE OF AURIC OXIDE, or AURIC MOLYBDATE. Molybdate 
of potash added to a solution of chloride of gold, forms an orpiment- 
coloured precipitate, which is soluble in hydrochloric or nitric acid, and 
sparingly in water. (Kichter.) 

C. AURIC SULPHOMOLYBDATE. AuS 3 ,3MoS 3 . The mixture of a 
normal solution of chloride of gold and sulphomolybdate of potassium, 
deposits, in the course of an hour, a dark brown powder, which becomes 
black on drying. (Berzelius, Pogg. 7, 277.) 

D. AURIC PERSULPHOMOLYBDATE. AuS 3 ,3MoS 4 . The precipitate 
formed by persulphomolybdate of potassium in a normal solution of 
chloride of gold, is of a dark brown colour. In drying, it undergoes 
partial decomposition, becoming yellow, and assuming somewhat of the 
metallic lustre; if it be then ignited in a retort, it gives off sulphur and 
becomes darker ; and when subsequently heated in the air, burns away, 
evolving sulphurous acid, and forming a golden-yellow mixture of gold 
and molybdic acid, which sublimes at a stronger heat, and leaves the gold 
behind it. (Berzelius.) 

Cliromate of potash produces no precipitate in a solution of chloride of gold. 
(Thomson.) 

GOLD AND MANGANESE. 

A. ALLOY OP GOLD AND MANGANESE. By igniting gold with peroxide 
of manganese in a crucible lined with charcoal, a pale yellow, very hard 
alloy is formed, which is less fusible than gold, may be hammered flat to 
a slight extent before it breaks, has a coarse spongy fracture, and contains 
between and - of manganese, which does not oxidate in the air till the 
alloy is fused. (Hatchett.) 



B. BROMO-AURATE OF MANGANESE. Dark brown, rhombic prisms, 
slightly translucent, with a reddish colour, and deliquescing rapidly in 
moist air. (Bonsdorff.) 

C. CHLORO-AURATE OF MANGANESE. Yellow rhombic prisms, pro- 
bably isomorphous with the magnesium-salt, permanent in dry winter air, 
but deliquescing in a summer atmosphere. (Bonsdorff.) 

Permanganate of potash forms no precipitate with chloride of gold. (Fromberz.) 



GOLD AND ARSENIC. 

A. ARSENIDE OF GOLD. Red-hot gold, exposed to the vapours o: 
arsenic, fuses into a grey, brittle alloy, which is coarse-grained, easilj 
fusible, and does not give off all its arsenic even when fused for two hour* 
in an open crucible. (Hatchett.) 

Arseniate of soda forms a yellowish white precipitate with solution of chloride o: 
gold, on the application of beat, (Thomson.) 

B. AURIC RULPHARSENITE. The precipitate, which is yellow at first 
but afterwards turns black, yields, when triturated after drying, a dark 
yellowish brown powder; fuses readily in a retort; gives off a small 
quantity of orpiment at a dull red heat, but nevertheless remains liquid, 
and solidifies, on cooling, into a transparent, dark reddish yellow mass, 
which yields a dark brown powder, and is resolved at a white heat intc 
volatile sulphide of arsenic and a residue of gold. (Berzelius.) The 
powder, when triturated for some time under water, assumes the lustre 
and colour of gold, although nothing is taken up by the water. (Ber- 
zelius.) 

C. AURIC SULPHARSENIATE. a. AuS 3 ,AsS 5 . Formed by precipi- 
tating a solution of gold with terbasic sulpharseniate of sodium. Dark 
brown precipitate, soluble in pure water. Green vitriol decolorizes the 
solution, and throws down a yellowish brown substance. 6. 2AuS 3 ,3AsS 5 . 
By precipitation with 2NaS, AsS 5 . Forms a red-brown solution in water. 
(Berzelius.) 

GOLD AND ANTIMONY. 

ANTIMONIDE OF GOLD. Gold is easily fused with antimony; it like- 
wise readily combines at a red heat with vapour of antimony. An alloy 
of 9 parts of gold and 1 part of antimony is white, very brittle, and 
exhibits a fracture like that of porcelain. Gold loses its malleability by 
combination even with -^^ of antimony. (Hatchett.) The antimony 
oxidizes and volatilizes, when the alloy is kept for some'time in the fused 
state in contact with the air. 

GOLD AND TELLURIUM. 

A. TELLURIDE OF GOLD. 1. Precipitated on mixing a solution of 
chloride of gold with hydrotelluric acid or telluride of potassium. 
2. Remains behind when B is heated. (Berzelius.) 

Monotellurate of potash gives no precipitate with chloro-aurate of 
potassium. (Berzelius.) 

B. AURIC SULPHOTELLTJRITE. AuS 3 ,TeS 2 .A mixture of gold-solu- 
tion and sulphotellurite of potassium is deep brown, opaque, and, after a 
few days, deposits the greater part of the compound in black voluminous 
flakes. The compound, when distilled, gives off dark-coloured sulphur, 
ancUeaves grey, brittle, easily fusible telluride of gold. (Berzelius.) 

GOLD AND BISMUTH. 

ALLOT OF GOLD AND BISMUTH. 11 parts of gold form with 1 part of 
bismuth, a greenish yellow, very brittle compound, having a fine-grained 
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fracture, and a density of 18*038, consequently exhibiting condensation. 
Gold is rendered brittle by an admixture of y^yo* of bismuth. (Hatchett.) 
IF A native alloy of gold and bismuth, having a small quantity of 
mercury adhering to it, has been found among the washed gold from the 
works in Rutherford County, North America. It is in the form of small 
grains, having the colour of palladium. Sp. gr. from 12-4 to 12-9. 
Hardness 2 '5 to 3; malleable, but ultimately becomes brittle. Structure 
[fracture?] indented. Fuses into a bead before the blowpipe, and crys- 
tallizes on cooling. When cupelled before the blowpipe, it yields a white 
fume, a yellow deposit, and a button of gold of about naif the original 
size. (Shepard, S-ttl. Am. J. [2], 4, 280.) Shepard regards this alloy as 
a furnace-product; but Gibbon and Clingman consider it to be native, 
inasmuch as bismuth is of frequent occurrence in the southern States of 
North America. tj[ 



GOLD AND ZINC, 

A. AMJOY OF GOLD AND ZINC. a, 60 pts. gold to 1 zinc : Brittle. 
2>. 11 gold to 1 zinc: Pale greenish yellow, brittle, of sp, gr, 16*937; 
bence there is condensation. (Hatchett.) c. 1 pt. gold to 1 zinc: Very 
white and hard capable of polish ; does not oxidate readily in the air. 
( Hellat.) d. 1 pt. gold to 2 zinc : Whiter than zinc ; brittle ; fine- 
grained. (Gehlen.) e. 1 pt. gold to 7 zinc : According to Hellot, this 
alloy volatilizes completely at a strong heat. 

B. BROMO-AURATE OF ZINC. Dark brown-red prisms, which deli- 
quesce rapidly even in rather dry air, (Bonsdorff.) 

C. CHLORO-AURATE OF ZINC, The crystals, which are permanent in 
the air, have the same form and colour as those of chloro-a'urate of 
magnesium. (Bonsdorff.) 

GOLD AND CADMIUM. 

CHLORO-AURATE OF CADMIUM. Deep-yellow needles, permanent in 
the air. (Bonsdorff.) 

A. ALLOY OF GOLD AND TIN. Small quantities of tin impair the 
ductility of gold, but do not render it brittle. 11 parts of gold and 1 part 
of tin form a very pale yellow, slightly malleable alloy, having a fine- 
grained fracture, and a specific gravity of 17 '307, and therefore exhibiting 
condensation. The separation of the two metals is very difficult, but is 
best effected by fusion with sulphide of antimony. (Hatchett.) When 
solutions of chloride of gold and protochloride of tin are mixed, both 
being concentrated and the latter in excess, an alloy of gold and tin is 
precipitated in the form of a black-brown powder, which acquires the 
metallic lustre and a pale yellow colour under the burnishing-steel, and 
when melted yields a white, brittle globule. (Berzelius.) 

B. STANNATE OF AUROUS OXIDE. Gold-purple, Purple of Cassius, 
Purpura minemlis Cassii. 

Formation. 1. By mixing a solution of chloride of gold with the 
solution of a stannous salt. Pure protochloride of tin forms with chloride 



240 GOLD. 

of gold, when tolerably concentrated, a brown precipitate, consisting of 
an alloy of the two metals ; it is only in case of very great dilution that 
the purple is produced. (Berzelius.) A very dilute solution of proto- 
chloride of tin likewise forms with gold-solution, not the purple, but a 
black-brown opaque mixture, probably containing an alloy of tin and 
gold; but this mixture, when kept in an open vessel, turns red from 
above downwards, and slowly deposits a very fine purple, which, how- 
ever, is not always soluble in ammonia. (Fuchs.) The brown powder is 
formed only with an excess of tin-solution ; when the gold solution is in 
excess, pure gold is precipitated. (Oberkampf.) When both liquids are 
as neutral as possible, or when the chloride of tin is in excess, metallic 
gold is precipitated, exhibiting a brown, blue, or green colour ; and on 
heating this precipitate with excess of gold-solution, it is slowly converted 
into purple of Cassius; if, however, nitric acid be present, the purple 
may be produced by its oxidizing action. (Buisson.) The colour of the 
purple is bright red when a small quantity of tin-solution is used, and 
violet when the quantity of the latter is larger. (Oberkampf.) It is 
| violet when an excess of bichloride of tin is present. (Buisson.) If the 

tin-solution contains more protoxide than bioxide of tin, or if it is not 
* sufficiently diluted, a dark-coloured, nearly black precipitate is produced, 

L which also dissolves in ammonia while yet moist, but forms a perfectly 

! brown solution ; after drying, it is black, gives off water when ignited, 

and leaves a brick-red mixture of gold and stannic oxide. (Berzelius.) 
If the solution of protochloride of tin contains a very large excess of acid, 
metallic gold is precipitated instead "of the purple. Stannous sulphate 
likewise forms the purple with gold-solution (Proust), but only after a 
considerable time (Sarzeau). Stannous nitrate yields, under all circum- 
stances, even with concentrated solutions, a beautiful purple. (Fischer, 
Sckw. 56, 363.) Metallic tin, tin-foil, for example, likewise throws down 
purple of Cassius from an acid solution of chloride of gold.- Bichloride of 
tin gives no precipitate with gold-solution. (Proust.) Potash added to 
the mixture forms a brown precipitate, which retains its colour when dry; 
vvlien heated under the liquid, it is converted into a brick-red mixture of 
gold, tin, and stannic oxide, which exhibits a conchoidal fracture when dry. 
(Berzelius.) The purple of Cassius is not formed by pouring a solution 
of bichloride of tin on protochloride of gold. (Schweigger-Seidel, Scliw, 
62, 265.) 

2. By pouring a solution of chloride of gold on hydrated sesquioxide 
of tin. If the action be too long continued, the purple decomposes again, 
especially if the gold-solution is not dilute, part of the gold being reduced 
to the metallic state, and the rest dissolving in the form of auric oxide, 
together with the stannic oxide, in the hydrochloric acid. (Fuchs, Kastn. 
Arch. 23, 368.) 

3. By boiling protoxide of gold with aqueous stannate of potash. 
(Figuier.) 

4. By the action of oxidizing agents on metallic alloys containing 
gold and tin. When an alloy of 500 pts. silver, 1 gold, and 25 tin is 
dissolved in nitric acid, 32*5 pts. of a pale red gold-purple are formed, in 
consequence of the excess of stannic oxide. Formation of purple likewise 
takes place when auriferous silver is dissolved in gently heated nitric 
acid, and metallic tin is added during the solution: stannic oxide has no 
action. Alloys of gold with tin, or with tin and zinc together, yield the 
purple when dissolved in nitric acid, the colour being particularly fine in 
the case of the alloy of tin and zinc; on dissolving these alloys in hydro- 



PURPLE OF CASSIUS. 



241 



chloric acid, on the contrary, metallic gold separates out. (Mercadieu, 
Ann. CMm. Phys. 34, 147; also N. Tr~ 15, 2, 30.) An alloy of 1500 
pts. silver, 200 gold, and 350*5 tin (fused together under borax to prevent 
all oxidation of the tin) yields, by solution in nitric acid, a quantity of 
gold-purple, which weighs 701 parts when dried at 100, and at a red 
heat gives off 53 parts of water, with a trace of hyponitric acid. Hence 
the composition calculated further on. The gold-purple thus obtained 
from alloys by nitric acid appears homogeneous, but is denser than the 
ordinary variety, its density being greater, the smaller the quantity of 
silver that was present in the alloy; it is likewise insoluble in ammonia. 
(Gay-Lussac, Ann. Chim. Phys. 34, 396.) 100 parts of filings of an 
alloy of 1 part of gold and 99 of copper, intimately mixed with 3'5 parts 
of tin, yields no purple with nitric acid, and a very dingy product with 
boiling oil of vitriol. An intimate mixture of tin, gold, and a large 
quantity of silver, or of 2 pts. gold, 7 tin, and 900 sugar or phosphate of 
lime, yields no purple when treated with nitric acid. Neither is the 
purple produced by heating auriferous copper with a solution of tin in 
boiling oil of vitriol, whereby the copper is dissolved, and the gold 
separated in the metallic state. (Sarzeau.) Some very much corroded 
coins of the Roman empire dug out of the ground in France, yield cupric 
oxide to aqueous ammonia when triturated with that liquid; the undis- 
solved portion consists of two powders of different densities, which may 
be separated by levigation. The lighter powder, which has a dingy red 
colour, is a mixture of silver spangles and purple of Cassius (containing 
metallic gold and tin), which assumes a purple-red colour after the silver 
has been dissolved out by nitric acid; but the colour is often dingy from 
admixture of sulphide of silver. "When the filings of the better preserved 
coins are repeatedly moistened with acetic acid and exposed to the air, 
and the resulting cupric acetate dissolved out by water, there likewise 
remains a mixture of silver-spangles and gold-purple, which, when freed 
by nitric acid from silver, and by hydrochloric acid from the iron of the 
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file, exhibits a fine colour. (Sarzeau, N. J. Phann. 3, 373.) 

Preparation. 1. By mixing aqueous sesquichloride of iron with 
aqueous protochloride of tin till the yellow colour is converted into pale 
green, and precipitating the gold-solution with the mixture thus formed. 
(Fuchs, /. pr. Chem. 5, 318.) This process yields the finest purple; the 
protochloride of iron contained in the liquid does not affect the product. 
(Fuchs.) One part of the Liquor f err i muriatici of the Pharmac. Bor. is 
mixed with 3 parts of water, and a solution of 1 pt. tin-salt in 6 pts. 
water added, till the mixture acquires a greenish tint, after which 6 pts. 
more of water are added. (If the water were added at first, the change 
of the brownish into the greenish tint could not be so well observed.) On 
the other hand, gold is dissolved in boiling hydrochloric acid, with 
gradual addition of nitric acid care being taken, however, to avoid as 
much as possible an excess of acid, especially of the nitric acid; the 
solution is diluted so far that 360 parts of the liquid contain 1 part of 
gold; and the tin-solution is then added, with constant stirring, as long as 
a precipitate is produced. By this process, 100 parts of gold yield 360 
parts of dried purple, soluble iu ammonia, and capable of imparting a 
strong colour to glass. If the gold-solution contains only 1 part of gold 
in 450, instead of 360 parts of the liquid, a good purple is likewise 
obtained at temperatures between 30 and 35; but at ordinary tempera- 
tures, it is not deposited; and on heating the liquid to the boiling point, it 
VOL, vi. n 
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falls down in red-brown flakes, which are not soluble in ammonia, arid im- 
part but a slight colour to glass. (Capaun, J. pr. Chem. 22, 152.) 2. Ten 
parts of pink-salt (V, 94) are heated with 1-07 tin-foil and 40 water, till 
the tin is dissolved, after which 140 parts of water are added : 

3(NH 4 Cl,SnCl 2 ) + Sn = 3NH 4 C1 + 2Sn 2 CR 

On the other hand, 1-34 pt. gold is dissolved in aqua-regia, the acid not 
being in excess, and a quantity of water is added, sufficient to bring the 
mixture up to 480 parts. Finally, the former solution is added to the 
latter slightly warmed, as long as a precipitate is produced. The purple, 
which is quickly deposited, weighs 4*92 parts, after washing and drying 
at 100; the nitrate has a very pale red colour. (Bolley, Ann. Pliarm. 
39, 244.) 3. a. A neutral solution is prepared of 1 part of tin in hydro- 
chloric acid; I. a solution of 2 pts. tin in cold nitre-hydrochloric acid 
(1 pt. hydrochloric acid to 3 nitric), the liquid being merely heated, if 
necessary, towards the end of the process, so that the solution may not 
contain any protoxide of tin, and therefore may not precipitate the gold- 
solution; c. 7 parts of gold are dissolved in nitre-hydrochloric acid 
(6 hydrochloric to 1 nitric), and the solution, which is tolerably neutral, 
diluted with 3500 parts of water. To this solution c the solution b is 
| first added, and then the solution , drop by drop, till the right colour is 

i produced. If the quantity of a be too small, the precipitate is violet; if 

too large, it is brown. It must be washed quickly, so that the liquid may 
not act too long upon it. If the precipitate will not settle down, the mix- 
< ture must be slowly poured into a glass of water, so that it may sink to 

1 the bottom, and the two liquids may mix but slowly. (Buisson, J". Pharm. 

16, 629.) The purple thus obtained weighs only 6*2 pts.; it dissolves in 
ammonia while fresh, but imparts a scarcely perceptible colour to glass- 
I fluxes; the filtrate is red; but deposits no more purple on the further 

I addition of protochloride of tin. (Capaun). Lentin (Scher. J. 3, 30) 

| drops fuming nitric acid into aqueous protochloride of tin, till a sample oi 

the mixture forms a fine purple with the gold-solution, and then mixes 
[ the liquids. 4. To obtain a Hue precipitate, a solution (a) as neutral as 

I possible, of 3 grammes of tin in hydrochloric acid, is prepared out of con- 

*, j tact of air, and (b) a solution as neutral as possible of 3 grammes of gold 

JT in aqua-regia; each of these solutions is diluted with a litre of water: 

I 10 measures of solution a are heated to between 50 and 60 with 3 mea- 

f Fures of nitric acid; 1 measure of b is then added, and immediately after- 

I, wards water, with agitation. The indigo-blue precipitate (or violet, i\ 

I * sufficient water has not been added), must be quickly washed by decanta- 

I tion, as, if left for any length of time under the liquid in an open vessel 

I it changes colour first to violet and then to purple. (Golfier Besseyre. 

| Ann. Chlm. Phys. 54, 40; also J.pr. Chem. 20, 65.) 

k , Properties. In the moist state, dark purple-red (dark brown, accord- 

' ing to Berzelius). Brown after drying. (Capaun, Bolley.) 

Oberkarnpf. 
I Proust. Berzelius. Buisson. Gay-T/ussac. violet. pu.rple. 

I An 24 ,... 28-2 .... 28-5 .... 28-53 .... 39'82 .... 70-42 

, SnO- 76 .... 64-0 .... 65-9 .... 63-56 .... 60'18 .... 20-58 

| HO .... 7-6 .... .... 7-56 

! Cl .... 5-2 .... NO 5 trace. 

1 100 .... 99-8 .... 99'6 .... 99'65 .... lOO'OO .... 100-00 

The purple examined by Proust was obtained with gold-solution and 

aqueous protochloride of tin, and well dried; that examined by Berzelius 

| was obtained with very weak solutions of terchloride of gold and pro to- 
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chloride of tin. Buisson's purple was prepared by (3); If tlie tin-solution 
contains too much nitric acid, basic nitrate of stannic oxide is precipitated, 
instead of the stannic oxychloride. Buisson does not appear to have 
looked for water, and his amount of chlorine is doubtful, since, according 
to Berzelius, the purple neither gives off hydrochloric acid nor chloride of 
tin when ignited. Gay-Lussac's purple is the product obtained from the 
alloy of gold and tin by the action of nitric acid, and dried at 100. 
Oberkampf's violet purple was obtained by precipitating the gold-solu- 
tion with excess of tin-solution; in the preparation of his purple product, 
the gold-solution was in excess. The analyses are partly incorrect, for 
this reason, that if an excess of stannic salt is present, an excess of stannic 
oxide is precipitated; and if the stannous salt is in excess, the brown alloy 
of gold and tin mixes with the precipitate. 

The following are the principal theories which have been put forward 
regarding the composition of gold-purple: I. It contains metallic gold 
with Jiydrated stannic oxide (or, according to Buisson, with stannic oxy- 
chloride). 1. The two substances are mechanically mixed; the very 
finely divided gold is the colouring principle, and the stannic oxide 
assists by its interposition the development of the colour, in the same 
manner as alum in the colours called lakes. (Buisson, Sarzeau.) [In that 
case, an excess of stannic oxide would merely weaken the purple colour, 
but could not change it into violet; moreover, in lakes, the alum is 
chemically combined with the colouring principle.] 2. The gold is 
chemically combined with the stannic oxide. (Proust.) Gay-Lussac 
likewise supposes a combination by affinity, or at least by intimate 
adhesion. II. The purple of Cassius contains oxidized gold. This view 
is the more probable of the two. 1. It contains protoxide of gold. Pur- 
ple of Cassius, freed by potash from excess of stannic oxide, has the com- 
position : AuO,3Sn0 2 + 4Aq. (see Calculation ), This is exactly the 
composition of the gold-purple obtained by boiling protoxide of gold 
with stannate of potash, or by immersing tin-foil in the solution of chlo- 
ride of gold; and the gold-purple analyzed by Berzelius contains exactly 
the double quantity of stannic acid AuO, 6Sn0 2 -f TAq. (Figuier.) 
[6Aq. is nearer; vide Calculation 6; but Figuier' s view is in opposition to 
the observation made by Berzelius, that the purple gives off no oxygen 
when ignited.] Schweigger-Seidel (Schic. 65, 265) regards the purple of 
Cassius as staunate of aurous oxide and stannous oxide = SnO,3Sn0 2 -f- 
AuO,2Sn0 2 -f6Aq. 2. The purple of Cassius contains a purple oxide of 
gold = AuO 2 , intermediate between the protoxide and teroxide. (Ber- 
zelius, Fuchs, Desmarest.) It is composed of Au0 2 ,2Sn 2 3 [perhaps also 
with 4 At. water? see Calculation cj. This formula agrees with Ober- 
kampf's analyses of the violet gold-purple. (Berzelius.) [But this is not 
the true gold-purple.] Its formula is: 2(SnO,Sn0 2 ) + Au0 2 ,2Su0 2 -f 6Aq. 
(Calculation d). Fuchs (Pogg. 27, 634). The formation of gold-purple 
from a mixture of hydrochlorate of auric oxide and hydrochlorate of 
sesquioxide of tin would accordingly take place as follows : 

Au0 3 ,3HCl + 3(Sn-0 3 ,3HCl) = [2(SnO,SnO-)-rAu0 2 ,2Sn0 2 j + 12HC1. 

Calculations according to the preceding hypotheses. 

At. Figuier, a. At. Figuier, b. At. Berzelius, c. At. Fuchs., d. 
Au 1 .... 199 .... 42-51 .... 1 .... 199 .... 27'99 .... 1 .... 199 .... 37'20 .... 1 .... 199 .... 28-31 
Sn 3 .... 177 .... 37-82 .... 6 .... 354 .... 49'79 .... 4 .... 236 .... 44-] 1 .... 6 .... 354 .... 50*35 
O.... 7.... 56.... 11-97 13 ....104.... 14-62 .... 8 .... 64.... 11-96 12.... 96.... 13-66 
HO 4.... 36.,. 7-70 ....6.... 54.... 7-60 .... 4 .... 36.... 6-73 .... 6 .... 54.,. 7*68 



468 ....100-00. 



.711 ....100-00 535. 



.lOO'OO 703 ....100*00 

K 2 
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Decompositions. Purple of Cassius retains its water when heated 
above 100, but gives it up at a red heat, without at the same time 
emitting any permanent gas, and acquires a brick- red colour. (Berzelius.) 
Aqua-regia dissolves out the gold from the ignited residue, leaving white 
stannic oxide. (Proust, Berzelius.) Hydrochloric acid has no action upon 
it. (Berzelius.) Berzelius regards ignited gold-purple as a mixture of gold 
and stannic oxide, inasmuch as, at a red heat, the red oxide of gold gives 
up its oxygen to the sesquioxide of tin, and forms bioxide of tin ; for an 
intimate mixture of oxide of gold with a large quantity of sulphate of 
potash likewise forms, when ignited, a red powder, from which water 
extracts the salt, and leaves metallic gold. According to Fuchs, the 
ignited purple is only to be regarded as de-hydrated, for mercury does 
not dissolve gold from it; the affinity of the stannic acid for the red 
oxide of gold prevents the decomposition. Gold-purple fused with nitre 
yields stannate of potash and a white globule of an alloy of gold and tin. 
(Berzelius.) It is but slightly altered by red-hot fusion with bisulphate 
of potash. It likewise remains unaltered when fused with carbonate of 

Potash, and does not expel carbonic acid from that salt. (Berzelius.) 
This fact is in favour of Fuchs's theory, that ignited gold-purple still con- 
tains stannic acid in the combined state.] Gold-purple is blackened by 
protochloride of tin and other deoxidizing liquids. (Desmarest, J\ Pharm. 
17, 219.) Aqua-regia extracts from the unignited purple all the gold, 
together with a small quantity of tin, leaving the greater part of the 
stannic oxide undissolved. (Proust.) This liquid dissolves the purple 
easily, at first with a violet colour. (Buisson.) Hydrochloric acid acts 
upon it slowly, dissolving up all the tin, after long boiling, in the form oi 
bioxide, free from protoxide, and leaving all the gold in the metallic 
state. (Proust, Fuchs.) [This action favours the views of Fuchs and 
Berzelius, and is against that of Figuier]. Boiling nitric acid brightens 
the colour of recently prepared gold-purple, and dissolves out some of the 
stannic oxide, together with a small quantity of auric oxide. (Proust.) 
Boiling dilute sulphuric acid likewise heightens the colour, and extracts a 
small quantity of stannic oxide. (Proust.) The purple while moist is no1 
decomposed by long boiling with water, merely falling more quickly tc 
the bottom. (Robiquet.) Boiling potash has likewise no action on the 
moist purple. (Berzelius.) It dissolves out the excess of stannic oxide 
(Figuier.) Mercury does not extract gold from recently prepared gold- 
purple (Proust) ; not even with the aid of heat or sunshine; neither doe* 
it dissolve gold out of the ignited purple. (Fuchs.) At temperature* 
between 100 J and 150, it dissolves out all the gold from the dried anc 
pulverized purple, and leaves stannic oxide. (Buisson.) At this tempera 
tu re, the mercury may exert a reducing action on the red oxide of gold 
(Berzelius.) Gold-purple fused with 4 parts of lead-oxide and 1 part o. 
borax, yields a violet glass on the addition of a large quantity of boracii 
acid, and a red glass on the addition of a large quantity of hydrate o 
potash. 

Gold-purple, while yet moist, dissolves in aqueous ammonia, forming 
a deep purple-red liquid, from which the purple separates both 01 
evaporation and on the addition of acids, but not on dilution with water 
unless the quantity dissolved is excessive. (Proust.) After drying, tin 
purple is no longer soluble. (Berzelius.) The solubility of the mois 
purple is also destroyed by allowing it to freeze. (Fuchs.) The purpl. 
obtained by treating the hydrated sesquioxide of tin with solution o 
chloride of gold (Fuchs), and that produced on dissolving an alloy o 
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gold, silver, and tin in nitric acid (Gay-Lussac), are not soluble in 
ammonia, even while moist, the insolubility probably arising from their 
greater density. The solution, when not completely saturated, is quite 
clear; but a perfectly saturated solution, though it appears clear by 
transmitted light, nevertheless exhibits some degree of turbidity when 
viewed by reflected light. The solution, when left in the dark for some 
weeks, becomes decolorized from above downwards, while gelatinous gold- 
purple, mixed with metallic gold, falls to the bottom ; on agitation, a red 
liquid is again obtained which, however, quickly deposits the purple 
again and after a while, metallic gold is precipitated, the quantity con- 
tinually increasing. When the ammoniacal solution is kept in a stop- 
pered bottle at temperatures between 60 and 80, the purple is more 
quickly deposited, and is not re-dissolved on agitation. On evaporating 
the solution at a gentle heat, the purple separates in the form of a jelly, 
no longer soluble in ammonia, but otherwise unaltered. (Berzelius, 
Lekrbuch.) The ammoniacal solution of gold-purple turns violet when 
exposed to light, and gradually deposits the whole of the gold in the 
metallic state, the transparent and colourless liquid containing ammonia 
free from stannous oxide. (Fuchs.) 

GOLD AND LEAD. 

A. ALLOY OP GOLD AND LEAD. 11 parts of gold and 1 part of lead 
form a pale yellow alloy, as brittle as glass, having a fine-grained frac- 
ture, and a density of 18 '08, less therefore than the mean. The ductility 
of gold is destroyed by admixture of -^-^Q of lead. (Hatchett.) The lead 
oxidates when the compound is fused in the air. 

B. TELLURIDE OP LEAD AND GOLD *? Foliated Tellurium. Crystal- 
line system, the square prismatic. Fig. 23, 27, 28, SO, 32, 33, and other 
forms. Specific gravity, 6*84 (Berthier); 7*22 (Petz). Soft and sectile, 
with a strong lustre and dark lead-grey colour; yields a powder of the 
same colour. Fuses very readily before the blowpipe, fuming, imparting 
a blue colour to the flame, and depositing a yellow film on the charcoal; 
after continued blowing, it yields a globule of gold. Dissolves in nitric 
acid, leaving a residue of sulphur and chloride of lead. The want of 
accordance in the analyses, probably arising from admixture of other 
tellurium ores and sulphide of lead, renders it impossible to deduce any 
definite formula for the mineral. 
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GOLD AND IRON. 

A. ALLOY OF GOLD AND IRON. a. 11 parts of gold to 1 part of iron; 
Yellowish-grey, very extensible, hard; sp. gr. 16-885, less than the 
mean. 6. 1 pt. gold to 1 pt. iron; Grey. c. 1 pt. gold to 4- iron; 
Silver-white. (Lewis.) 



246 GOLD. 

B. CARBIDE OP GOLD AND IRON. Gold does not improve the qualit; 
of steel; the presence of more than 4 per cent, of gold makes it brittle 
(Breant.) 

C. XODO-AURATE OP IRON.- Aqueous iodide of iron dissolves a larg 
quantity of teriodide of gold, and yields a crystallizable compounc 
(Johnston.) 

GOLD AND COBALT. 

A. ALLOY OP GOLD AND COBALT. 18 parts of gold form, with 1 pai 
of cobalt, a dark yellow, very brittle compound, having an earthy, ligh 
yellow fracture. An alloy containing -^j of cobalt is still brittle ; ^^ c 
cobalt gives a malleable compound. (Hatchett.) 

B. CHLORIDE OF GOLD AND COBALT. By spontaneous evaporatio: 
of an aqueous mixture of teriodide of gold and protochloride of cobali 
long rhombic prisms are obtained, having a deep yellow colour, and pei 
manent in the air. (Bonsdorff.) 

GOLD AND NICKEL. 

A. ALLOT OP GOLD AND NICKEL. The two metals nnite wit 
facility, forming a yellowish-white, hard, very malleable alloy, suscej 
tible of a high polish, and having a magnetic power as great as that c 
nickel, (Lampadius, Sckw. 10, 176.) 

B. CHLORIDE OF GOLD AND NICKEL. Short greenish yellow prisms 
isomorphous with those of the corresponding magnesium-salt. (Bonsdorff. 

GOLD AND COPPER. 

A. ALLOY OP GOLD AND COPPER. Rotlie Karatirung. In alloys o 
gold, the mark is divided into 24 carats, and the carat into 12 grains 
Accordingly, perfectly pure gold is said to be twenty-four carats fine, anc 
an alloy containing 18 carats of gold and 6 carats of copper or silver (o: 
both together) is said to be eighteen carats fine, &c. The addition of cop 
per renders gold redder, harder, and more fusible. Pure copper produce; 
but little diminution in the malleability of gold; but copper containing 
lead or antimony makes it brittle. An alloy containing 22 parts of golc 
and 1 part of copper has a density of 17*157; according to Muschenbroek 
the maximum of hardness is exhibited by an alloy of 7 pts. gold and 
1 copper. The copper cannot be completely separated from the alloy bj 
fusion in contact with the air, nor even by cupellation with a large quantitj 
of lead; it is only when a triple weight of silver and a twenty-four-fole 
weight of lead are simultaneously added to the alloy of gold and copper, 
that the whole of the copper sinks into the cupel, in the form of a 
compound of cupric oxide and lead-oxide. According to Macculloch. 
the copper may be superficially dissolved out of the alloy by heated 
aqueous ammonia; and by the same means, the alloy may bo cleaned when 
it has become tarnished by oxidation of the copper. 

^ B. ALLOY OP GOLD, COPPER, AND ZINC. Gold forms with brass a 
brittle, coarse-grained alloy. (Hatchett.) 
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GOLD AND MERCURY. 

AMALGAM OP GOLD. Formed even at ordinary temperatures; most 
quickly, however, by throwing red-hot gold-plate into heated mercury. 
A bar of gold dipped into cold mercury, quickly turns white, and is soon 
completely penetrated by the mercury; but even after the lapse of a 
month, it still remains malleable, and is covered with small crystals. When 
the mercury is heated to the boiling point, it soon dissolves, and forms 
a pasty amalgam. (Daniell.) Yellowish white; the amalgam containing 
6 pts. mercury and 1 gold crystallizes in four-sided prisms, which are 
fusible at a high temperature. If the mercury be carefully distilled off, 
the gold remains in an arborescent form. Serves for gilding % Jteat. 
The amalgam obtained by dipping a red-Lot gold-plate into hot mercury 
is triturated in a stone-ware mortar with salt and water, till it becomes 
perfectly bright, and then freed from, excess of mercury by pressure 
through chamois-leather. 

*H A native amalgam of gold has been found in Columbia, associated 
with a platinum ore, in globules of the size of a pea, and easily crushed 
by pressure. It gave by analysis 57*40 per cent. Hg; 38*39 Au; 5"0 Ag 

= ^} 5 Hg 12 . (Schneider, J. pr. Ckem. 43, 317.) T 

GOLD AND SILVER. 

A. ALLOY op GOLD AND SILVER. Found native in the forms of 
Auriferous Silver and Electritm. The alloy is also formed artificially 
(Weisse Karatirung.) Gold, by combination with silver, becomes harder, 
more sonorous, and more fusible; and as the proportion of silver increases, 
the colour quickly passes through pale greenish yellow into white: the 
alloy exhibits a slight degree of expansion. The malleability of gold is 
less diminished by silver than by any other metal. The maximum of 
hardness is found in the alloy containing 2 pts. of gold to 1 of silver. 
(Muschenbroek.) An alloy of 1 pt. gold and from 3 to 4 pts. silver, 
spits when suddenly cooled after fusion (p. 1 37). (G. Rose, Pogg. 23, 181.) 
[For the separation of the two metals, see pp. 201 204.] 

When gold-powder and silver-powder are welded together by Wollas- 
ton's process for platinum, a damasked metal is obtained; but at the 
points of contact of the gold and silver, an alloy is formed; the metals are 
therefore capable of uniting at temperatures far below their melting 
points. (Tournet, Ann. Chim. Phys. 75, 435.) 

The native alloy of Go Id and Silver exhibits the crystalline forms of 
the two metals, and a very variable proportion of them; and accordingly 
presents great diversity of specific gravity and colour. The assumption 
of definite stoichiometrical proportions, to which Boussingault was led by 
his analyses of Columbian ores (Ann. Chim. Phys. 34, 408; 45, 440). has 
been shown by the more elaborate analyses of Gustav Rose to be inadmis- 
sible. Here follow the analyses, beginning with those of nearly pure 
native gold. [Those marked with a star are added by the translator.] 

a. b* c. d. e. f. g$ 

Au.... 98-96 .... 98-3 .... 98 .... 95-33 .... 95-30 .... 94-41 .... 94-09 
Ag.... 0-16 .... 1-7 .... 2 .... 4-34 .... 3'86 .... 5'23 .... 5'55 

Fe .'.".' 0-Os} "" ' 33 - " 84 " ' 36 - ' 36 

99'52 .... 100-0 .... 100 .... 100-00 .... 100'QO .... lOO'OO .... lOO'OO 



a. From the gold-sand of Schabrowski, near Katharinenburg; sp. gr. 
19*099; after fusion 39*10. (Rose.) 6. Locality unknown. (Levol, JV\ 
Ann. Ohwi. Phys. 27, 310.) c. From Bucaramanga. (Boussingault.) 
d. From the Ural, in rhombic dodecahedrons, of sp. gr. 18791, after 
fusion. (Awdejew, Pogg. 53, 153.) e. From the Ural; dodecahedrons; 
sp. gr. 18*771, before fusion; 18*892, after fusion. (Awdejew.) /. From 
the gold-sand of Boruschka, near Nischne-Tagil; sp.gr. 18*44. (Rose.) 
</. From the Ural; dodecahedrons. (Awdejew.) 





A.* 


i. 


Jc. 


I. 


m. 


n. 


0.* 


Au. 


.. 94-00 .. 


.. 93-78 ... 


. 93-75 


.... 93-66 


.... 93-54 


.... 93-34 


.... 93-0 


Ag. 


5-85 .. 


.. 5-94 ... 


. 6-01 


.... 5-72 


.... 5-62 


.... 6-28 


.... 6-7 


Cu. 
Fe . 


.. 


., 0-08) 
.. 0-04J - 


. 0-24 


.... 0-52 


.... 0-80 


/ 0-06 
"" I 0-32 




Ft. 


'.'. 0-15 















100-00 .... 99-84 .... 100-00 .... 99*90 .... 99-96 .... 100-00 .... 997 

"k. From Senegal. (Levol.) i. From Beresow. (Rose.) &, I, and m. 
From the Ural; dodecahedrons. (Awdejew.) n. From Katharinenburg. 
(Rose.) o. From California; sp. gr. 16*23. (Rivot, Ann. Min. [4], 16, 
127.) 





p.* 


9- 


r. 


*.* 


t. 


u. 


.* 


Au.... 


93 .. 


.. 92-80 ... 


. 92-71 .. 


.. 92-7 .. 


.. 92-60 


.... 92-47 .. 


.. 92-32 


Ag.... 


7 .. 


7'02 ... 


6-51 .. 


.. 6-9 .. 


.. 7-08 


.... 7-27 .. 


.. 6-17 


Cu.... 
Fe .... 




.. 0-06) 
.. 0-08.1 - 


0-78 ** 


.. 0-4 .. 


.. 0-02 
.. 0-06 


.... 0-18 .. 
.... 0-08 .. 


" 0-78 



100 .... 99-96 .... 100-00 .... 100-0 .... 9976 .... 100-00 .... 99*27 

p. From California; sp. gr. 16-33; this sample contained 1-66 per 
cent, of sand and oxide of iron, mechanically mixed with it. (Teschema- 
cher, Chem. Soc. Qu. J. 2, 193.) q. From Katharinenburg. (Rose.) 
r. From the Ural; dodecahedrons; sp. gr. 18*11; increased by fusion to 
18*399. (Awdejew.) s. From California. (Levol.) t. From the gold- 
sand of Pawlowsk, near Beresow. (Rose.) u. From the gold-sand of 
Nikolajewsk, near Minsk. (Rose.) v. From the river-sand of the county 
of Wicldow, in Ireland; sp. gr. 16*34 (Mallet, Phil. Mag. J. 37, 393.) 





a. 


b. 


c. 


d* 


e. 


/. 


ff.* 


Au... 


92-01 .. 


.. 91-9 .. 


.. 91-88 ... 


. 91-4 .. 


.. 91-36 


.... 91-21 .. 


.. 91-0 


Ag.... 


7-52 .. 


8-1 .. 


.. 8-03 ... 


. 8-5 .. 


8-35 


.... 8-03 .. 


.. 87 


Cu ... 
Fe.... 


0-30 .. 
0-17 .. 




.. 0-091 

trace) '" 




0-29 


.... 0-76 .. 


.. 0-3 



100-00 .... 100-0 .... 100-00 .... 99-9 .... 100-00 .... 100-00 .... 100-0 

a. From Bncharia. (Rose.) b. This is probably the composition of 
the clcctrum from Quiebralmo; also of that from Giron. (Boussingault.) 
c. From Beresow. (Rose.) d. From California; sp.gr. 16*65. (Rivot.) 
c. From the gold-sand of Boruschka; sp. gr. 17*955, increasing by fusion 
to 17-905. (Rose.):/'. From the Ural ; "dodecahedrons ; sp. gr. 17*74; 
after fusion, 18*35. (Awdejew.) g. From the North of Brazil. (Levol.) 





h* 


.* 


Jc. 


/.* 


m* 


n. 


0.* 


Au 


.. 90-96 .. 


.. 90-9 ... 


. 90-76 .. 


.. 90-12 . 


... 89-61 ... 


. 89-35 .. 


.. 89-1 


A? 


.. 9-04 .. 


.. 8-7 ... 


. 9-02 .. 


9-01 . 


... 10-05 ... 


. 10-65 .. 


.. 10-5 


Cu 
Fe 




" 0-2 J - 


. 0-22 ** 


.. 0-87 




,. trace 
.. trace 


0-2 



100-00 .... 99-8 .... 100-00 .... 100-00 .... 99*66 .... 100-00 .... 99'8 
Ji. From California; after deduction of 3'7 percent, of sand. (Oswald, 
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Pogg. 78, 96.) i. From California; sp. gr. 51 '7. (Kiyot.) L From 
Boruschka; sp. gr. 17*588; after fusion, 17*745. (Rose.) L From Cali- 
fornia. (Henry, Phil. Mag. J. 34, 205.) m. From California. (Hofmann, 
Ann. Pkarm. 70, 255.) n. From the gold-sand of Nikolajewsk; sp. gr. 
17*484; after fusion, 17*725. (Eose.) o. From California; sp. gr. 17*55. 
(Rivot.) 



Au.... 


P- 
88-65 


?- 
.... 88-58 .. 


r. 
.. 88-24 . 


s. 
... 88-15 


t. 

.... 87-40 


u. 
.... 87-94 .... 


V. 

87-31 


Ag.... 
Cu.... 


10-64 
0-09 


.... 11-42 .. 


.. 11-76 . 


... 11-85 


.... 12-07 
.... 0-09 


.... 12-06 .... 


12-12 
0-08 


Fe.... 


0-35 








trace 




0-24 



99-73 



100-00 



100-00 ....100-00 



99-56 



..100-00 



99-75 



p. From the Newinsk mine. q. From Llano. (Boussingault.) 
r. From Malpeso; sp. gr. 14*706 [*?]. (Bonssingault.) s. From Baja, 
near Pamplona. (Boussingault.) t. From the gold-sand of Andrejewski, 
near Miask; sp. gr. 17*402; after fusion, 17*542. (Rose.) u. From Rio 
Sucio ; sp. gr. 14*690 [?]. (Boussingault.) v. From Gazuschka, near 
Nischne Tagil (Rose.) 





a* 


a.* 




c. 


d. 


e. 


/-* 


ff- 


Au ... 


. 86-8 .. 


.. 86-57 




86-10 .. 


.. 84-89 .. 


.. 84-5 ".... 


84-5 


.... 83-85 


Ag ... 


. 11-3 .. 


.. 12-33 




13-19 .. 


.. 14-68 .. 


.. 15-5 .... 


15-3 


.... 16-15 


Cu ... 
Fe ... 


. 0-9 .. 


.. 0-29 
. 0-24 


F 


trace 


.. 0-04 .. 
.. 0-13 .. 


.. 




.... trace 
.... trace 



99-0 



99-43 



99-29 



99-74 



100*0 



99-i 



100-00 



a. Gold-laminse, from Senegal. (Levol.) 5. From California; sp. gr. 
15*63. (Henry.) c. From the gold-sand of Petropawlowsk, near Bogos- 
lowsk; sp. gr. 16'896; after fusion, 16-964. (Rose.) d. From the St. 
Barbara mine at Fiises, in Transylvania. (Rose.) e. From Ojas Ancas. 
(Boussingault.) -/. Gold-dust from Senegal. (Lerol.) g. From the gold- 
sand of Boruschka; sp. gr. 17"061. (Rose.) 





h. 


i. 


Jc. 




L 


772. 


n. 


o. 


Au 


... 82-4 .. 


.. 82-1 .. 


.. 79-00 




76-41 .. 


.. 74-4 .. 


.. 74 .... 


73-68 


Ag 


... 176 .. 


.. 17-9 .. 


.. 20-34 




23-12 .. 


.. 25-6 .. 


.. 26 .... 


26-32 


Cu 
Fe 






' 0-66 


F 


0-03 .. 
trace 




... 





100-0 .... 100-0 



100-00 



99-56 



100-0 



100 



100-00 



h. From Trinidad, near Sta. Rosa de Osos. (Boussingault.) i. From 
Vega de Sapia. (Boussingault.) &. From the Ural; tetrahedrons; sp. gr. 
after hammering, 16*03. (Awdejew.) L From Titiribi, in Columbia. 
(Rose.) m. From the Sebastian mine at Marmoto. Crystals of a brass- 
yellow colour. (Boussingault.) n. From Titiribi. (Boussingault.) 
o. From Guamo. (Boussingault.) 



Au ... 


P> 
73-45 .. 


g- 

73-4 .. 


r. 
. 70-86 


s. 
. 64-93 .. 


t. 
.. 64-52 


u. 

. 64 


r. 
60*98 


A? 


. 26'48 


26-6 .. 


.. 28-30 .. 


. 35-07 .. 


.. 35-48 .. 


.. 36 .. 


.. 38-38 


Cu)... 
Fe/... 

















w. 

60-49 . 
38-74 . 

0-77' 



x. 
28 
72 



99-93 ....100-0 ....100-00 ....100-00 ....100-00 ....100 .... 99'69 ....100*00 ....100 

p. From Marmato; cubes and octohedrons of specific gravity 12-666. 
(Boussingault.) q. From Otra Mina, near Titiribi. (Boussingault.) 
r. From the Ural; octahedrons; sp. gr. after fusion, 15'G27. The alloys 
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richer in gold crystallize in dodecahedrons; those which contain less gold, 
in tetrahedrons and octohedrons. (Awdejew.) s. From Sta. Rosa de 
Osos; sp. gr. 14'149 [f|. (Boussingault.) t. From Transylvania. 
(Boussingauit.) u. Electrum from Schlangenberg, in Siberia. (Klaproth.) 
v. From Sivanowski, in the Altai mountains; sp. gr. after fusion, 
14*556. (Rose.) w. From Verospatak, in Transylvania. (Rose.) 
x. Auriferous Silver from Konigsberg. (Fordyce.) 

B. TELLURIDE OF GOLD AND SILVER. a. Auriferous Telluride of 
Silver. Found in indistinct crystals, which appear to belong to the 
oblique prismatic system; they have a semi-conchoidal fracture, and vary 
in density from 8*72 to 8*83. Sometimes slightly malleable., sometimes 
not at all. Have a stronger lustre and somewhat darker colour than 
pure telluride of silver. (Petz, Pogg. 57, 470.) 

Petz. 
From JS T ;itryag. 

5x\ 540 .... 48-09 46-76' 

Au 199 .... 17-72 18-20 

6Te 384 .... 34-19 34*08 

5AgTe,AuTe 1123 .... 100'GO ZZ ItKKJO 

I. Graphic Tellurium. Acute rhombohedrons (Fig. 151) ; also obtuse 
rhombohedrons, with an axis of only half the length of the former, and 
truncated. (Fig. 142.) (Breithaupt, Schw. 52, 170.) According to 
others, the mineral belongs either to the right prismatic or the oblique 
prismatic system of crystallization, and crystallizes in needles. Sp. gr. 
8" 28. (Petz.) Soft and sectile. Colour, light steel-grey. When it^is 
heated in an open tube, a grey sublimate of tellurium collects in the part 
of the tube immediately adjoining, and in the farther part, a white subli- 
mate of tellurous acid, which fuses into transparent drops. Fuses upon 
charcoal, emitting a slightly acid odour, not resembling that of horse- 
radish; covers the charcoal with a white deposit; and is reduced to a dark 
grey metallic globule, which is converted by long blowing into a pale 
yellow alloy of gold and silver, exhibiting incandescence at the moment 
of solidification. (Berzelius.) Dissolves in aqua-regia, with separation of 
chloride of silver, and forms a solution which gives a white precipitate on 
dilution with water. 



Graphic Tellurium, 
Aff 


from Offenbanva. 
104 13 -85 


Petz. 
a. b. 
11-47 11*31 


Klaproth.. Berzelius. 


4u 


199 26*50 


26 M )7 26*47 


10 .... 11*53 


7Te 


448 59-65 


59*97 58*81 


30 .... 24 4 00 

firt K. 1 . K A 


Pb 




0'9~i 9 *75 


OU .... 51 00 


Cu 




0*76 


1*50 

\ 


Sb 




0*58 0'66 




Fe; As; S 






f .... 11-47 








I 


AgTe 4 ,AuTe 3 ? 


751 .... 100-00 .. 


.. 100-00 ....100-00 


... 100 .... loo-oo 



The mineral a was made up of fine needles; b of thick needles. (Petz 
Pogg. 57, 472.) Part of the silver appears to be replaceable by copper 
and lead. ri 

c. White Tellurium. Crystalline system the right prismatic ? Crys- 
tallizes in needles. Sp. gr. 7*99 to 8-33. Soft, brittle. Colour, silver- 
white^ inclining to yellow. Before the blowpipe, it behaves like Foliated 
Tellurium, excepting that it does not give off sulphurous acid. (Berzelius ) 
Dissolves in nitric acid, leaving a residue of gold. 
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White Tellurium. 



Petz. 



Kiaproth. 





N 


igyag. 


a. 


t>. 


c. 


d. 


e. 




Ag 


104 


... 15-14... 


14-68 


10-69 ... 


7*47 


... 10*40 .... 


12-78 .. 


.. 8*50 


Au 


199 


... 28*97 ... 


24*98 


28*98 ... 


27*10 


... 25*31 .... 


29*62 .. 


.. 26-75 


6Te ... 


384 


... 55-89... 


55*39 


48-40 ... 


51*52 . 


... 44*54 .... 


49*96 .. 


.. 44-75 


Pb 






2*54 


3*51 


8*16 


... 11*21 .... 


13*82 .. 


.. 19-50 


Sb.. . 






2*50 


8*42 


5*75 


. 8*54 .... 


3*82 .. 




S 
















.. 0-50 





















AgTe 3 ,AulV 687 ....100*00 ....lOO'OO ....100-00 ....100*00 ....100*00 ....100*00 ....100-00 

a. Long white prisms, of sp. gr. 8 '27. I. White, thick prisms, sp. gr. 
7*09. c. Short, yellowish prisms, with less distinct cleavage; sp. gr. S'33. 
d. and e. Light yellow, crude masses, exhibiting no cleavage. The 
silver is partly replaced by lead, and the tellurium by antimony [']]. 
White Tellurium and Graphic Tellurium are probably the same mineral, 
their common formula being AgTe,2AuTe 3 . (Petz, Pogg. 57, 473.) 
According to the atomic weight of gold, adopted in this Handbook, the 
preceding formula should be: AgTe, AuTe 6 =: AgTe 4 , AuTe 3 ; but for this, 
the proportion of tellurium given by the analyses of White Tellurium is 
too small; hence the formula AgTe 3 , AuTe 3 is to be preferred. 

C. ALLOY OF GOLD, SILVER, AND COPPER. The combination of gold 
with copper and silver together, is attended with a greater amount of 
expansion than the combination with copper alone. 22 pts. of gold with 
1 silver and 1 copper form an alloy whose specific gravity is 17 "344. The 
alloy is hard, and inclines to yellow, red, or white, accordingly as the 
gold, copper, or silver predominates. 

D. AMALGAM OF GOLD AND SILVER. A solution of 1 loth (^ oz.) 
of gold in 100 pounds of mercury is liquid, and may be completely 
squeezed through leather. But if 8 loth of silver be likewise dissolved 
in the liquid, and the product pressed through leather, 56'5 loth of amal- 
gam remain in the leather, containing 1 loth of gold and 7*5 loth of 
silver. The whole of the gold, together with the greater part of the 
silver, is therefore separated in the form of a solid amalgam. (Wehrle, 
Zeitschr. Phys. Math. 9, 41 4.) 



OTHER COMPOUNDS OF GOLD. 
With Platinum, Palladium, Rhodium, Iridium, and Osmium. 
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CHAPTER XXXIX. 

PLATINUM. 



Memoirs relating to Platinum, Palladium, Rhodium, Iridium, and 
Osmium together. 

Fourcroy & Vauquelin. Ann. Chim. 48, 177; also A. Gehl, 2, 269. 
Ann. Chim. 50, 5; also A. Oehl, 2, 262. Ann. du. Mus. d'hist. nat. 

7, 401; also GUI. 24, 209; also N. Gelil, 2, 672. 

Vauquelin. Decomposition of Platinum-ore. Ann. Chim. 88, 167; also 
Schw. 12, 265; also A. Tr. 24,1, 273.- Ann. Chim. 89, 150; also 
Schw. 24, 21. 

Berzelius. Decomposition of Platinum-ore, and examination of the indi- 
vidual metals composing it. Pogg. 13, 435 and 527; 15, 208. 

Osann. Russian Platinum-ore and new metals contained therein. Pogg. 

8, 505; 11, 311; 13, 283; 14, 329; 15, 158. Kastn. Arch. 10, 100; 
16, 129. 

Clans. Ruthenium, a new metal contained in Platinum-ore. Pogg. 64, 
192; 65, 200; abstr. Jahresber. 25, 205; Ann. Pharm. 56, 257.- 
Contributions to the Chemistry of the Platinum-metals. Ann. Pharm. 
63, 337. 

Memoirs relating exclusively to Platinum. 

Th. Scheffer. Abhandl. d. Schwed. Ak. d. Wissensch. Hamb. & Leipz 
1755. B. 14,s. 275. 

Marggraf. Chymische Schriflen. Berl. 1761, 1,1. 

Bergman. Opusc. 2, 166. 

Fourcroy & Vauquelin. Ann. Chim. 48, 177; 49, 188. 

Graf von Sickingen. Versuche uber die Platina. Mannheim, 1782. 

Proust. Ann. Chim. 38, 146 and 225; also Scher. J. 7, 256. Ann Chim 
49, 177; also N. Gchl, 1, 347. 

Berzelius. Oxygen and Chlorine-compounds of Platinum. Schw. 7, 55* 
34,81. Platinate of Potash. JaJiresbericht, ,9, 110. ' ' ' 

Edmund Davy. Phosphide and Sulphide of Platinum. Phil. Mag.' also 
Schw. 10, 382. Platinum-salts. Phil Mag. 20, 350. Fulminating 
Platinum. Ann. Phil. 9, 229; also Schw. 19, 91. Platinum-black* 
Protoxide of Platinum, and Sulphate of Platinum. Phil Trans 1820' 
Schw. 31, 340. ' 3 

Vauquelin. Sulphide of Platinum. Ann. Chim. Phys. 5, 260- also Schw 
20 3 394; also N. Tr. 2, 2, 325.~Chloride of Platinum and Bioxide 
of Platmum. Ann. Chim. Phys. 5, 264; also Schw. 20, 398. Triple 
salts of Platinum and Sulphate of Platinum. Ann. Chim Phys 5 
392; also Schw. 20, 451. ' ' J 

W. D6beremer.- r Platinum-black. Schw. 54,414; 63, 476. W. pr. Chem. 
1, 114; S69.Ann. Pharm. 2, 1; 14, 10; 17, 67. Pogg 28 181- 
36 308 and 548,-Spongy Platinum. J. pr . Chem. 17, 158; 2cS 165 
UnLoride of Platinum with Alkalis. Schw. 66, 289.- Pogg. 28, 180." 
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Bioxide of Platinum, with Sulphurous Acid. J. pr. Ohem. 15, 

315. 
Fischer. Chloride of Platinum. Pogg. 9, 256; Schw. 53, 108. Platinum 

sal-ammoniac. Kastn. Arch. 14, 150. 
Bonsdorff Salts of Chloride of Platinum. Pogg. 17, 250; 19, 337. 

Salts of Bromide of Platinum. Pogg. 19, 343. 
Gros. Ammonio-salts of Protoxide of Platinum. Ann. Pharm. 27, 241 ; 

also Ann. Chim. Phys. 69, 204. 
Reiset. Ammonio-salts of Protoxide of Platinum. Gompt. rend. 10, 870; 

also Ann. Pharm. 36, 111; also J. pr. Ohem. 20, 50. Oompt. rend. 

11, 711; 18, 1100; also N. Ann. Chim. Phys. 11, 417. 
Peyrone. Amraonio-salts of Protoxide of Platinum. Ann. Pharm. 51, 1 ; 

55, 205; 61, 178. 
Raewsky. Ammonio-salts of Protoxide of Platinum. N. Ann. Chim. Phys. 

22, 278; abstr. Compt. rend. 23, 353; 24, 1151; also Ann. Pharm. 

64, 309; 68, 316. Gerhardt's Observations thereon. 2IT. J. Pharm. 

14, 315. 

Laurent & Gerhardt. Action of Ammonia on Chloroplatinate of Ammo- 
nium. Ann. Pharm. 73, 223; J. pr. Chem. 46, 511; Compt. rend. 

trar. Chim. 1849, 113. 
Gerhardt. Researches on the Ammoniacal compounds of Platinum. 

Compt. rend. trar. Chim. 1849, 273; abstr. Compt. rend. 31, 241. 

Ann. Pharm. 76, 307. 



History. Crude Platina (Spanish diminutive of Plata, silver) was 
discovered in the auriferous sand of the river Pinto: it was first brought 
to Europe in 1741, under the name of Platina del Pinto, and was chiefly 
examined by Watson, Scheffer, Lewis, Marggraf, Bergman, Sickingen, 
Mussin-Pouschkin, Fourcroy & Vauquelin, Wollaston, Descotils, Tennant, 
Berzelius, Edmund Davy, and Dobereiner. 

Sources. 1. Platinum occurs pure and native, mixed only with palla- 
dium, in Brazil. (Wollaston, Schw. 1, 364.) 2. In combination with 
palladium, rhodium, iridium, osmium, ruthenium, iron, copper, and lead, 
and sometimes with silver, mixed also with grains of osmium-indium, 
gold, titaniferous iron, chrome-iron-ore, hyacinth, spinelle, and quartz, 
and with gold-amalgam, which remains behind after the extraction of the 
gold by mercury, in Crude Platinum-ore, or Crude Platina, or in 
Platlniferous sand. The latter is found chiefly in rivers and alluvial 
deposits ; seldom in the rock. In the Pinto; in the gold-washings of 
Barbacoas, in the province of Antioquia; in the province of Clioco, in New 
Granada; and in the provinces of Matto Grosso and Minas Geraes, in 
Brazil. In veins of manganese in the weathered syenite near Sta. Rosa 
de Osos, in the Columbian province of Antioquia. (Boussingault, Ann. 
Chim. Phys. 32, 204) ; in the valley of the Jaky ; in St. Domingo (Yau- 
quelin, Schw. 1, 362); on the western declivity of the Ural, partly in 
alluvial deposits, partly injected into greenstone and serpentine (comp. 
G. Rose, Pogg. 34, 380); on the Ratoo mountain, in Borneo. The gold- 
sand in the north of Ava is likewise interspersed with iron-black, magnetic 
grains, containing about 20 per cent, of platinum and 60 per cent, of 
iridium. (Prinsep, Pogg. 34, 380.) The gold-sand of the Rhine contains 
_-j__ of platinum. (Fr. Dobereiner, N. Br. Arch. 25, 57.) The palla- 
dium obtained from the gold of the Wilhelm works on the Harz contains 
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a small quantity of platinum. (Berzelius, Pogg. 34, 380.)^ D Angy <fc 
Villain (Pogg. 31, 36) found platinum in the galena of Consolens and 
Allouc, in the Dept. de la Charente; Berthier and Descotils did not find 
It in this galena, but they discovered it in the manganese of Alloue, 
Epenede, Planveille, and Melle, of the Depts. Charente and Deux Sevres. 
Vauquelm's statement (Ann. CMm. 60, 317) respecting the occurrence of 
platinum in a silver-ore from Guadalcanal in Spain, appears, from the 
inore recent observations of Berzelius (Lekrl. 1826, 2 ; 168) to be doubtful. 
IT Platinum has also been found in the gold-bashings of Mr. Erwin's 
works, in Rutherford county, N. America. (Shepard, Sill. Ann. J. [2], 
2, 253.) According to Molnar (Haidinger's Jjerickte, 3, 412) platinum 
occurs associated with nickeliferous native iron, in the auriferous sand 
of Ohlapian, in Hungary. Kapetzky & Kapera (Haid. tier. 3, 439) deny 
the existence of the platinum, and state that the iron contains no 
nickel. Molnar, however, on repeating his experiments (Haid.^Ber. 3, 
475), extracted 34 grains of small crystals of magnetic iron, which had 
particles of platinum adhering to them, and from which he prepared the 
cbloroplatinate of ammonium; he likewise repeats his statement regarding 
the nickel. From the recent investigations of Pettenkofer (Pogg. 74, 316) 
it would appear that platinum is much more widely distributed than has 
hitherto been supposed; all silver, excepting that which has been sub- 
jected to the particular process of purification described by Pettenkofer, 
appears indeed to contain platinum (comp. pp. 202, 203). IT 
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98-75 .... 97-86 .... 98'92 .... 98'08 .... 301-17 ....101'29 

a. From Nisclme Tagilsk, in the Ural, distinguished by a very dark 
rey colour : a are the non-magnetic grains, /3. the magnetic grains. 
seme of thorn possessing very strong polarity. b. From Goroblogadat, in 
the Ural, perfectly non-magnetic. c. From Barbacoas, consisting of very 
hirire grains. The osmium-indium in these three ores is in the form of 
grains and spangles. The spangles are partly fused into the true grains 
of the platinum ore, and are left behind when it is dissolved in boiling 
uqua-rc^riaj part of the osmium and iridium is, however, chemically com- 
bined with the platinum, and this portion is attacked when the platinum 
is dissolved. The loss partly arises from volatilization of osmium. (Ber- 
zelius.) d. From Choco, freed from iron-ore by the magnet. e. From 
the Pinto. After separation of the iron-ore, there remained a mixture of 
grains of various kinds; a. Rounded grains, having considerable lustre, 
and ^ a colour inclining to lead-grey; sp.gr. 17'SS: the analysis of these 
is given under e. (/3. Angular grains, of a light grey colour, and little 
lustre; sp. gr. 17*08; y. Rough grains, somewhat yellowish, but with 
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black points; sp. gr. 14*24; &. Black, shining grains, of sp. gr. 7*90. 
f. The so-called osmium-indium, from South America; sp. gr. 16*94, 
(Svanberg, Pogg. 36, 46.) 

[Analyses of Siberian platinum-ores by Osann. (Po^y. 8, 505; 13, 283; 14, 329 ; 
Kastn. Arch. 16, 129.)] 

According to Vauquelin, the American platinum-ore also contains 
lead, a statement which Gmelin has confirmed. Woliler likewise 
observed silver in the American platinum-ore, and grains of auriferous 
silver in that from Siberia. Schneider found a native amalgam of gold in 
the platinum-ore from Columbia (p. 247). 

Analysis of Platinum-ore, and Preparation of Platinum, Palladium^ 
Rhodium^ Osmium^ and Iridhun. 

A. According to Vauquelin, Wollaslon, and others. 

1. The platinum-ore freed by the magnet from the greater part of the 
iron-ore, is treated with cold, dilute aqua-regia, which extracts gold, mer- 
cury, and a certain quantity of iron. When 'American platinum ore is 
digested on the water-bath for several days with strong hydrochloric acid, 
renewed from time to time, as long as the liquid acquires a brown colour, 
a solution is formed containing a very large quantity of iron, a consi- 
derable quantity of manganese, a small quantity of lead, copper, mercury, 
and platinum, and on levigating the ore with water, a white powder is 
obtained, consisting of titanic acid containing chromium. The ore thus 
treated, leaves, on subsequent digestion with aqua-regia, only 2*6 per 
cent, of insoluble residue, consisting of shining scales and a small quantity 
of black powder, whereas, if the previous treatment were omitted., 4*2 per 
cent, of residue would be left (Gm.). 

2. The platina is then dried, and, according to Vauquelin, mixed in a 
retort with four times its weight of aqua-re^ia, containing f hydrochloric 
acid of 2*2 Bin. to % faming nitric acid of 44" Bui. The liquid is gently 
warmed after a while, then more strongly to drive off the excess of acid, 
the heat being continued till the solution is so far concentrated as to 
solidify cm cooling. (It is better, however, to follow Berzelius's plan of 
covering 1 the platiniferous sand only with hydrochloric acid, and adding 
the nitric acid from time to time; otherwise a large quantity of chlorine 
will be lost.) The residue is treated with water to dissolve out the soluble 
portion. (When this residue is treated with water, an evolution of chlo- 
rine often takes place, because the bichloride of palladium produced by 
the action of the acid is thereby partially decomposed: Btrzelius.} The 
portion which remains undissolved is repeatedly treated in the same 
manner with corresponding quantities of aqua-regia, till the liquid no 
lunger acquires a brown colour, whereupon a black powder (OJ) amount- 
ing to -y of the whole, remains undissolved. The acid liquid (Dist.} 
which passes over in these distillations, contains, according to Langier 
(Ann. Chim. SO, 191) a small quantity of osmic acid. 

3. The hydrochloric acid solution containing platinum, palladium, 
rhodium, and a small quantity of iridium, also iron, copper, mercury, 
and lead (it must be as free as possible from excess of acid) is either 
treated according to Wollaston's more recent method, by neutralizing any 
excess of acid that may be present, and adding cyanide of mercury, 
whereby the palladium is precipitated in yellowish-white flakes of cyanide 
of palladium (often not appearing till after some time), which when 
washed and ignited yield Palladium; 
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4. Or, according to Wollaston's older method, and according to Vau- 
quelin's method, 'the hydrochloric acid solution, without previous precipi- 
tation of the palladium, but merely diluted with water ^ in the proportion 
of 10 parts of water to 1 part of the concentrated solution, is mixed with 
a solution of sal-ammoniac, whereby the greater part of the platinum is 
thrown down in the form of platinum-sal-ammoniac. Berzelius recom- 
mends the previous addition of a little nitric acid, to prevent the admix- 
ture of indium with the precipitate. Cloud (Schw. 43, 316 ; also Gilb. 
72, 253) employs a solution of sal-ammoniac saturated at a boiling heat, 
and separates the precipitate quickly from the liquid, before the latter 
has time to deposit any salts of rhodium or palladium. 

5. The yellow precipitate well washed with cold water, and then 
ignited, yields Platinum. Cloud purifies the product by repeated so- 
lution in aqua-regia, precipitation by sal-ammoniac, and ignition of the 

precipitate. 

6. Prom the liquid separated from the yellow precipitate (according 
to Wollaston, a small quantity of gold may be separated ^ therefrom by 
neutralizing with carbonate of soda and adding green vitriol), the whole 
of the noble metals are separated in the form of a black powder (Red) 
by immersing in it a plate of iron (Vauquelin) or of zinc (Wollaston). 

7. Cloud cupels the black powder thus obtained (Red) with four times 
its weight of silver, and a quantity of lead sufficient for the separation of 
the base metals; rolls the resulting alloy, consisting of silver, palladium, 
platinum, rhodium, a small quantity of gold [and indium 1 ?] into thin 
plates ; treats these plates repeatedly with boiling nitric acid ; throws 
down the silver from the solution by hydrochloric acid, and then, after 
filtering, precipitates the palladium by caustic potash or cyanide of mer- 
cury ; digests the undissolved portion, consisting of platinum, rhodium, 
gold [and indium 1] in aqua-regia, whereupon the Rhodium [and iridium ?] 
is left behind ; and precipitates Platinum from the solution by sal-am- 
moniac, and Gold by green vitriol. 

8. Vauquelin and Wollaston wash the black powder (Red) with cold 
water, and afterwards boil it with water to dissolve out the platinum-sal- 
ammoniac, which has been precipitated together with the black powder 
in consequence of abstraction of acid. They then treat the precipitate 
with cold nitric acid, thereby dissolving out iron, copper, lead, and a 
small quantity of palladium, and afterwards with cold hydrochloric acid, 
which, besides iron and copper, likewise takes up a small quantity of 
palladium, platinum, and rhodium, these metals, according to Wollaston's 
opinion, having been partly precipitated, not in the metallic state, but 
as oxides. The powder, after another washing with water, is next heated, 
whereupon, according to Vauquelin, chloride of copper, calomel, metallic 
mercury, and a black substance resembling osmium, are separated. 

9. According to Wollaston's older process for preparing palladium, 
the powder (Red) purified in the manner just described, is treated with a 
mixture of hydrochloric acid and nitre, which leaves undissolved the 
chloride of platinum and potassium produced by its own action, and 
yields a solution chiefly consisting of palladium and rhodium. This 
solution, when evaporated, deposits crystals of chloride of palladium and 
potassium, which may be distinguished by their two colours, and mecha- 
nically separated from the other crystals, after which the oxide of palla- 
dium is mechanically separated by potash, then washed, and converted by 
ignition into metallic Palladium. 

10. If the palladium has been separated by (7), the remaining crystal- 
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lized and uncrystallized mass may be ignited with water, and dissolved 
in aqua-regia. When the palladium has been separated by (3), the 
powder (Red) "is likewise dissolved in aqua-regia. To separate the 
rhodium from such a solution, Wollaston then adds common salt, and 
obtains by evaporation chlororhodiate of sodium, a small quantity of 
ehloroplatinate and chloropalladite of sodium, together with protochloride 
of copper and sesquichloride of iron. The last four salts are removed 
by triturating and agitating the mass with alcohol of 84 per cent., 
while the chlororhodiate of sodium remains behind. From the solution 
of this salt in water, the Ilhodiwn is precipitated, by the immersion of 
a bar of zinc, in black metallic flakes, which turn white on ignition ; or 
the salt is strongly ignited, and the chloride of sodium, extracted by 
water. 

11. Vauquelin,, on the other hand, to obtain the palladium and 
rhodium, dissolves the powder (Red) purified by (8), in the mixture of 
hydrochloric and nitric acid mentioned in (2), whereupon a small quan- 
tity of iridium is left behind in the form of a black powder, provided the 
treatment with this acid is not too often repeated. 

32. The hydrochloric acid solution (11) of platinum, palladium, 
rhodium, and a certain quantity of iridium, also containing copper and 
iron, is next freed from excess of acid by evaporation to a syrupy con- 
sistence, diluted with 1 parts of water, and the greater part of the re- 
maining platinum precipitated by sal-ammoniac in the form of a yellow 
double salt, which, when washed and ignited as above (5), yields Pla- 
tinum. 

13. The liquid separated from the ehloroplatinate of ammonium, 
together with the wash -water, is evaporated nearly to dryness, the mass 
again dissolved in cold water, which leaves behind an orange-yellow or 
aurora-red compound of ehloroplatinate of ammonium with a small 
quantity of chloriridiate of ammonium ; and this, by ignition and subse- 
quent treatment with aqua-regia, may be separated into a solution of 
platinum and au insoluble residue of Iridimn. 

14. Vauquelin then dilutes the cold aqueous solution of (13) with a 
proper quantity of water; perhaps mixes it with a small additional 
quantity of sal-ammoniac ; and adds ammonia in small portions and with 
constant agitation, so long as fine rose-coloured scales of ammonio-chlo- 
ride of palladium continue to fall down. These are washed, first with 
cold and then with hot water and likewise with water slightly acidu- 
lated with hydrochloric acid, if any ferric oxide or oxide of rhodium has 
been thrown down by the addition of too much ammonia and then con- 
verted into Palladium by ignition. 

15. Vauquelin next evaporates the liquid separated from the pal- 
ladium-salt, sufficiently to make it solidify in a crystalline mass on cooling. 
Chloropalladite of ammonium then crystallizes in yellowish-green four- 
sided prisms, and chlororhodiate of ammonium in ruby-coloured, six- sided 
prisms. The remaining mother-liquid, mainly consisting of solution of 
protochloride of copper and sesquichloride of iron, is poured off ; the 
crystals pulverized in a porcelain mortar; set aside in a vessel with 
alcohol of 36 Bin. ; and the liquid frequently agitated. After 24 hours, 
the alcohol is poured off and replaced by a fresh portion, the process 
being repeated as long as the liquid acquires a yellowish-green tint. 

16. As the chlororhodiate of ammonium which remains after washing 
with alcohol may still contain a little chloroplatmate of ammonium, 
Vauquelin dissolves it either in pure water or in water slightly acidu- 

VOL. vi. s 



lated with hydro chloric acid, which leaves the platinum-salt behind. The 
solution evaporated to dryness and ignited, yields Rhodium. 

17. The nohle metals dissolved by the hydrochloric and nitric acid, 
which were used to purify the black powder (Red), having been precipi- 
tated by iron from these acids, the precipitate may be resolved into pla- 
tinum, palladium, and iridium, by a process similar to that described for 
the treatment of the powder (Red), (11 to 18). (Vauquelin.) 

18. The black powder (0 J) (2), which, according to Vauquelin, 
mainly consists of iridium and osmium, but likewise contains chrome- 
iron ore, titaniferous iron, quartz-sand, spinelle, and hyacinth, may be 
separated by elutriation into a fine and comparatively pure powder, hav- 
ing somewhat of the aspect of black lead, and coarser grains containing a 
larger proportion of chrome-iron ore. (Vauquelin.) The powder (0 J) 
is mixed, according to Vauquelin, with twice its weight of nitre, and 
heated in a porcelain retort to which is adapted a tube dipping into lime- 
water, as long as gas continues to go off. At first yellow flakes of osmiate 
of lime are formed in the lime- water ; but they are afterwards dissolved 
by the nitrous acid which passes over ; needles of osmic acid likewise 
collect in the glass tube at the beginning of the action, but afterwards 
pass over into the lime-water. 

19. The mass which remains in the retort yields, by repeated boiling 
with water, a red-brown solution no longer smelling of osmium ; but con- 
taining iridic, osmic, titanic, and ferric oxides, alumina, and a small 
quantity of chromic oxide in combination with potash. (Vauquelin.) 

20. The washed powder is treated with concentrated hydrochloric 
acid, which thereupon acquires a dark green colour, chiefly by taking up 
iron and iridium. (Vauquelin.) 

21. The powder which remains after the treatment with hydrochloric 
acid, is again fused, as above described, with 2 parts of nitre, then once 
more treated with water, and subsequently with hydrochloric acid, and 
this treatment with nitre, water, and hydrochloric acid is repeated till the 
whole of the powder is dissolved, partly in water, partly in hydrochloric 
acid. The solution of the final residue is further accelerated by the use 
of aqua-regia. In these latter processes, the hydrochloric acid acquires 
more of a blue than of a green colour, inasmuch as the quantity of iron 
present is not so great as before. ( Vauquelin.) 

(Wollaston, instead of igniting the powder (0 J) with nitre in a 
retort, mixes it with 1 to If- pt. hydrate of potash, and ignites it for an 
hour in a silver crucible, after which he likewise treats it first with 
water, then with hydrochloric acid, then again with hydrate of 
potash, &c.) 

22. Vauquelin neutralizes the alkaline liquids obtained in (1 9) and 
iu the subsequent treatment with water, by the addition of nitric acid, 
whereby green flakes are precipitated, consisting of iridic, osmic, titanic, 
and chromic oxides, alumina, and silica. The supernatant liquid contains 
nitrate and chromate of potash, and osmic acid, which may be separated 
in the aqueous form by distillation. 

23. The green flakes are dissolved in hydrochloric acid, the solution 
mixed with the hydrochloric acid liquid "of (20) and with the other 
solutions subsequently obtained in the same manner; nitric acid is then 
added to bring the iridium to its highest state of oxidation, and thereby 
prevent it falling to the bottom when heated, in combination with ferric 
oxide, titanic oxide*, attd'&ilica ; after which, the osmic acid is distilled off 
by long-continued boiling," and collected in a cooled receiver. f Vauquelin } 

J-'--\ * ' ""' " ; -, rt-'-T^ c'-ri ".>**", -..;" \ * * 
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24. Vauquelin dilutes the residual liquid in the retort with water, 
and precipitates the titanic oxide and part of the ferric oxide by nearly 
neutralizing it with ammonia; he then filters the solution, evaporates 
again, and by the addition of sal-ammoniac, precipitates the chloriridiate 
of ammonium in small, black crystals, which, when ignited and freed by 
washing from adhering chloride of potassium, yield Iridium. 

25. The remaining liquid, after dilution with water, is supersaturated 
with ammonia, which precipitates the ferric oxide, aud retains the iridic 
oxide in solution; and the Iridium therein contained is separated by 
filtering and evaporating the liquid, igniting the residue, and washing 
out the adhering chloride of potassium, 

26. The liquid (Lest.}, of (2) containing hydro chloric, nitric, and osmic 
acid is, according to Laugier (Ann. Chim. 89, 191; also Sc/iw. 19, 
70), nearly neutralized with milk of lime and distilled to dryness. The 
distillate containing osmic acid is then mixed with the lime-water of (16) 
containing the same compound, and with the distilled liquids of (22) and 
(23) also containing osmic acid. This mixture, if it does not already 
contain sufficient acid, is mixed with a moderate excess of hydrochloric 
acid, and decomposed by zinc. (If too much hydrochloric acid is added, 
the blue cloud is redissolved, and a purple solution formed ; if too litile, 
part of the osmium remains in solution, so that the liquid still retains the 
odour of osmic acid, and, the formation of gas-bubbles being but slow, the 
precipitated osmium is deposited upon the zinc : Vauquelin.} The black 
flakes of Osmium which fall to the bottom, are several times washed 
after the chloride of zinc has been decanted first with water containing 
sulphuric acid, and then with pure water, after which they are dried at a 
gentle heat, and preserved in stoppered bottles. (Yauquelin.) A con- 
siderable quantity of osmic acid escapes with the hydrogen gas. (Ber- 
zelius.) 

B. According to Berzelius. 
a. Complete process, adapted for Quantitative Analysis. (Pogg. 13, 553.) 

1. The ore, after being freed from grains of foreign matter by 
mechanical separation and by the magnet, is treated with dilute hydro- 
chloric acid, which dissolves ferric oxide and metallic iron. 

2. It is then heated in a tubulated retort, having a cooled receiver 
adapted to it, with concentrated hydrochloric acid, to which strong nitric 
acid is added from time to time, as the action diminishes in intensity. 
An excess of nitric acid must be avoided, because it would decompose the 
chloride of iridium, and cause the separation of oxide of indium on 
evaporation. The heat is continued till the residue in the retort becomes 
syrupy and solidifies on cooling, the saline mass dissolved in a small 
quantity of hot water, and the solution carefully decanted from the insoluble 
residue. The distillate, which has a yellowish colour, arising from 
chloride of platinum, which has spirted over, is then poured upon the 
residue, and distilled again, without boiling, whereupon a colourless dis- 
tillate of dilute osmic acid is obtained. Should the residue still contain 
any soluble matter, it must be again treated in the same manner with 
aqua-regia. 

3. The distillate is neutralized with ammonia or lime; saturated with 
hydrpsulphuric acid gas in a bottle nearby filled with it: and set aside for 
some days with the bottle closed, till the 
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winch, the watery liquid is separated from the sulphide of osmium b] 
decautation and filtering. 

4. The metallic solution, together with the undissolved portion (2) 
often smells of chlorine, arising from decomposition of bichloride o 
palladium; in that case, it must be boiled till the bichloride is converte< 
into protochloride, and the odour is entirely destroyed ; if a turbidity 
should be produced during the ebullition, from separation of oxide o 
palladium, that substance must be dissolved [in hydrochloric acid?] 
The solution is then separated by filtration from the nndissolved portion 

5. The filtrate (4) is mixed with twice its volume of alcohol of sp. gi 
0-833, and then with a saturated aqueous solution of chloride of potassium 
as long as a precipitate is formed. 

6. The precipitate, consisting of chloroplatinate and chloriridiate o 
potassium, together with a small quantity of chlororhodiate and chloro 
palladiate of potassium, is washed with alcohol of 60 per cent., containin, 
a small quantity of saturated aqueous solution of chloride of potassiun 
till the filtrate no longer gives a precipitate with sulphuretted hydrogen 

7. The precipitate (6), immediately after drying, is intimately mixe. 
with dry carbonate of soda, and very gently heated in a porcelaii 
crucible together with the ashes of the filter, and the excess of carbonat 
of soda till the mass is blackened to the very centre and begins to fuse 
The platinum is then left in the metallic state, and the iridium an< 
rhodium in the state of oxides, but not soluble in acids. (If the solutioi 
had been precipitated with sal-ammoniac instead of chloride of potassium 
the last two metals would likewise have been left in the metallic state 
and would have dissolved in the aqua-regia together with the platinum. 
The black mass is freed by water from the greater part of the potash am 
soda-salt, and the alkali which adheres to the oxides of rhodium am 
iridium is dissolved out by dilute hydrochloric acid. In this process, tin 
hydrochloric acid always dissolves a certain quantity of platinum an< 
iridium, inasmuch as the oxide of iridium supplies the oxygen necessary 
for that purpose. (Hermann, Pogg. 37, 408.) The residue is washed 01 
a filter, dried, ignited, arid weighed : the filter, however, must be ignitet 
alone, in order that it may not exert any reducing action. 

8. The ignited mass is fused with six times its weight of bisulphate o 
potash; the fused product dissolved in water, and the undissolved portioi 
repeatedly treated in the same manner with bisulphate of potash am 
water, as long as it imparts any colour to the liquid. 

9. The resulting solution, which contains the oxide of rhodium, ii 
mixed with excess of carbonate of soda, evaporated to dryness, an< 
ignited in a platinum crucible. The mass is then dissolved in water, th< 
oxide of rhodium washed on a filter, ignited in contact with the filter 
and reduced in a stream of hydrogen gas. The Rhodium thus obtain e< 
often contains a small quantity of palladium, which may be dissolved ou 
by aqua-regia, and precipitated from the solution, after neutralization 
with cyanide of mercury. 

10. The remaining mixture of platinum and oxide of iridium (8), ii 
digested with very dilute aqua-regia, which extracts the greater part o 
the platinum, after which the solution is decanted. 

11. To purify the oxide of iridium from the remaining portion o: 
platinum, it is mixed with strong aqua-regia, containing a little commor 
salt (whereby the conversion of bichloride of platinum into protochloride 
on evaporation "is prevented), and the liquid evaporated to dryness; the 



ANALYSIS OF PLATINUM ORE. 261 

mass is then digested in water, and tlie oxide of iridium washed on the 
filter, first with a weak solution of common salt, and afterwards with a 
weak solution of sal-ammoniac, because, if washed with pure water, ifc 
would run through the filter. 

12. The solution which passes through the filter contains a small 
quantity of oxide of iridium, together with the platinum; it is therefore 
mixed with carbonate of soda, and evaporated to dryness; the residue 
ignited; the saline matters dissolved out from it by water, and the 
platinum by aqua-regia, the greater part of the oxide of iridium remaining 
undissolved. The very small portion of oxide of iridium which dissolves, 
together with the platinum, is precipitated, on the addition of ammonia, 
in brown flakes containing a very small quantity of platinum. 

13. The oxide of iridium obtained by (11) and (12) is freed from sal- 
ammoniac by ignition, and reduced by hydrogen. 

14. The alcoholic filtrate (6) containing palladium, rhodium, iron, and 
copper, together with small quantities of platinum, iridium, and manga- 
nese, is put into a bottle, and saturated with hydrosulphuric acid gas; it 
is then closed with aground stopper, set aside for 12 hours in a warm, 
place, to promote the precipitation of the metallic sulphides, and filtered. 
The filtrate, which is often coloured red from the presence of sesquioxide 
of rhodium or indium, is evaporated; the metallic sulphide which then 
falls down is added to the portion previously precipitated ; the liquid 
poured off from that portion of sulphide which has settled upon the sides 
of the vessel, in the form of an unctuous fetid mass ; the latter washed 
with water, and dissolved in aqueous ammonia, and the solution evapo- 
rated in a platinum crucible. 

15. The remaining, and still moist portion of the metallic sulphides 
(palladium, rhodium, iridium, and copper), is also put into the same 
crucible, and roasted as long as sulphurous acid continues to go off, after 
which the mass is digested in strong hydrochloric acid. 

16. The hydrochloric acid solution of (15), containing palladium and 
copper, leaves, when evaporated with chloride of potassium and nitric 
acid, a dark saline mass, from which alcohol of sp. gr. 0'S33 dissolves the 
free chloride of potassium, and likewise chloride of copper and potassium, 
together with a mere trace of palladium (to be precipitated with cyanide 
of mercury), while the greater part of the chloride of palladium and 
potassium remains undissolved. The residue, after being washed on the 
filter with alcohol, is dissolved in water, and the solution treated with 
cyanide of mercury; the resulting precipitate of cyanide of palladium 
yields, when ignited, metallic Palladium. 

17. The metallic sulphides (15), after roasting and exhaustion with 
hydrochloric acid, are fused with bisulphate of potash, exhausted with 
water, again fused with bisulphate of potash, &c., till the water no longer 
becomes coloured by taking up oxide of rhodium. This solution, which 
contains the greater part of the oxide of rhodium, often mixed with a little 
protoxide of palladium, is treated as in (9). 

IS. The mass exhausted by bisulphate of potash is resolved, by 
digestion in aqua-regia, into a small quantity of Platinum, which dissolves, 
and Iridium, which remains behind. 

10. The liquid, from which the metallic sulphides (14) have been 
precipitated, contains iron, together with small quantities of iridium and 
rhodium, and a trace of manganese; it is treated with nitric acid, to bring 
the iron completely into the state of sesquioxide, and then precipitated by 
ammonia. 



20. The precipitate contains ferric oxide, together with the oxides oj 
iridium and rhodium, and a small quantity of silica (which remains behind 
when the oxides are dissolved in hydrochloric acid). It is reduced bj 
hydrogen gas, and freed from iron by hydrochloric acid, which is heated 
towards the end of the operation. Iridium and rhodium then remain iu 
the form of a peculiar black powder, which, when gently heated in tin 
air, decrepitates with incandescence, but in close vessels gives out watei 
without incandescence. 

21. The liquid (1 9), after precipitation by ammonia, is evaporated witli 
a quantity of carbonate of soda sufficient to decompose the ammoniaca' 
salts ; the residue gently ignited, exhausted with water (if too much heal 
has been applied, the water acquires a yellow colour from dissolved oxides), 
then with hydrochloric acid, which takes up the manganese; and the 
remaining mixture of oxides of rhodium and iridium is added to th* 
metallic sulphides (15) which have been roasted and treated with hydro- 
chloric acid; so that the whole may be fused, as described in (17), with 
bisulphate of potash. 

23. The portion of the platinum ore (4) which is insoluble in aqua- 
regia consists of grains and scales of the alloy of osmium and iridium, o1 
sp. gr, 15*78; of grains of sand, and other foreign bodies; and likewise, iJ 
too much nitric acid (2) has been used in dissolving the platinum ore, oJ 
oxide of iridium, in the form of a black powder, which looks like 
charcoal, and has a great inclination to run through the filter. It is 
broken up in a steel mortar, or on the anvil, with a steel hammer; then 
pulverized as finely as possible in a stone-ware mortar ; the powder freed 
by long boiling with hydrochloric acid from the iron which has been 
introduced into it from the mortar, and mixed, after drying, with au 
equal weight of nitre (if a larger quantity of nitre is used, or if com- 
bustible matters are present, the mass is very apt to froth over). The 
mixture is then heated in a porcelain retort, gently at first, and after- 
wards to a full red heat, as long as gas continues to escape; and the 
vapours of osmic acid are passed into a tubulated receiver, and thence 
through a connecting tube into a bottle containing dilute ammonia. 
(Instead of the nitre, Fischer recommends nitrate of lime, which, he says, 
decomposes the osmium-iridiuni more easily; so that a capacious glass 
retort may be used in place of the porcelain retort.) 

24. The mass is mixed with water, to dissolve all the saline con- 
stituents; the mixture put into a tubulated retort; the solution, when 
clear, decanted off ; water again poured oil the residue in the retort; and 
the liquid again decanted. 

25. The decanted liquids which contain potash in combination with 
nitric, silicic, chromic, and osniic acid, together with a little sesquioxide 
of indium, are distilled with hydrochloric acid (but without actual 
boiling, otherwise portions will spirt over), whereupon all the osmic acid 
passes over. [The iridium left in the residue is probably obtained by the 
method described in (27) ?] 

26. The substance which remains undissolved in the retort is distilled 
with hydrochloric acid in the water-bath, till a sample taken out of the 
retort no longer exhibits any traces of osmic acid. The distillate contains 
osniic acid, together with a small quantity of chlorine. 

27. a. The residue in the retort is treated with a small quantity of 
wjiter, which dissolves hydrochlorate of chromic oxide, and is then thrown 
upon a filter; the chloriridiate of potassium which there remains is freed 
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from adhering hydrochlorate of chromic oxide by washing with alcohol. 
(The aqueous and alcoholic solution, when diluted with water, deposits 
titanic oxide, mixed with silica and zirconia.) The chloriridiate of 
potassium is ignited with carbonate of soda in a porcelain retort, in order 
to collect any osmic acid that may be volatilized. The residue is treated 
with water, and the undissolved oxide of iridium freed from any platinum 
that might be mixed with it by boiling with aqua-regia, and from rhodium 
by fusion with bisulphate of potash. The oxide of iridiuru, which 
obstinately retains a small quantity of osmium, is reduced at a very gentle 
heat by a stream of hydrogen, afterwards kept at a red heat in the air, as 
long as osmium, continues to oxidize and go off in vapour; again reduced by 
hydrogen and once more oxidized in the air ; and the greater part of the 
osmium thereby removed. If, however, too strong a heat be applied, the 
two metals combine intimately and shrink together, whereby the com- 
bustion of the osmium is rendered more difficult. The reduced iridium 
may also be gently ignited in a stream of oxygen or chlorine gas, and the 
gas passed into ammonia, to prevent any of the osmium from escaping. 

. Or, instead of 26 and 27 : The portion insoluble in water, instead 
of being treated with hydrochloric acid, is distilled in the water-bath with 
excess of nitric acid, till a portion taken out of the retort no longer gives 
out any odour of osmium. [This process likewise does not separate all 
the osmium, but much more than the former; moreover, the distillate is 
free from chlorine and nitric acid.] The dark purple nitric acid solution 
leaves, on evaporation, a residue of nitre and nitrate of protoxide of 
iridium. The residue, insoluble in nitric acid, is washed and treated with 
nitric acid, which forms a green mass, and, if the heat be continued, dis- 
solves nearly the whole as Sesquicliloride of Iridium, forming a green 
solution, and causing an evolution of chlorine. If strong aqua-regia be 
used instead of hydrochloric acid, a solution of Bichloride of Iridium is 
obtained. 

28. During the distillation (25 or 26), part of the osmic acid sublimes 
in the crystalline form, and the rest dissolves in the water which passes 
over. The first fourth of the distillate contains the largest quantity of 
osmic acid ; the last three-fourths contain but little of it, and may be 
contaminated with chloride of iridium mechanically carried over. For 
the preparation of metallic osmium from the aqueous solution, the two 
following methods are used : 

a. The solution is mixed with a small quantity of hydrochloric acid, 
and digested with mercury at 40 C in a closed flask. The liquid gradually 
acquires a brownish colour, from formation of protochloride of osmium, 
but becomes colourless after several days 7 digestion, the chloride of osmium 
being decomposed, and a mixture formed, consisting of calomel, pulverulent 
osmium-amalgam, and excess of mercury containing a portion of the 
amalgam in solution. This mixture, when washed and dried, then placed 
in a retort or a widened glass tube, and heated in a stream of hydrogen 
gas, leaves osniiuni in the form of a black powder or a porous mass. If 
the liquid above the mixture is still somewhat coloured, and therefore 
contains osmium, it is mixed with ammonia, evaporated to dryness, and 
the residue ignited in a retort ; the osmium reduced by the hydrogen of 
the ammonia remains behind. 

Or, |3. The osmic acid is supersaturated with ammonia; the light 
yellow mixture heated for several hours to a temperature between 40 
and 60 in a flask not perfectly closed, whereupon it gives off nitric oxide, 
becomes darker, and ultimately black-brown and opaque; the liquid then 



I If left in a basin to evaporate, which gives rise to evolution of ammonia an 

precipitation of a compound of ammonia with sesquioxide of osmium 
and the precipitate washed upon a filter. Should the nitrate be sti 
coloured brown or yellow by sesquioxide of osmium, which happens whe 
the liquid contains hydrochloric or nitric acid, the oxide must be precip 
tated by evaporation with caustic potash. The compound of anmioni 
and sesquioxide of osmium obtained by both these methods is dissolved i 
warm concentrated hydrochloric acid; the solution evaporated to drynei 
after the addition of a small quantity of sal-ammoniac; and the residu 
heated in a retort, as long as hydrochloric acid, nitrogen, and sa 
ammoniac continue to escape. The osmium is then left in the form of 
lead-grey mass, having the metallic lustre. 

~b. Shorter Process, adapted to the Preparation of the five Metals. 
(Lehrluch.) 

1 4. As in a. 

5. The filtrate (4) is precipitated by excess of a saturated aqueoi 
solution of chloride of potassium, without previous addition of alcohol. 

6. The precipitate is washed with the saturated solution of chlorid 
of potassium, till the liquid which runs through is no longer coloured blu 
by ferrocyanide of potassium. 

7. Platinum and Iridium. The precipitate is then dried, intimatel 
mixed with twice its weight of carbonate of potash, and gradually heate 
till the mass begins to melt. This mass is treated with water, and affce: 
wards with dilute hydrochloric acid, and the mixture of platinum an 
oxide of iridium is collected on a filter, washed with water, and dried.- 
8 and 9 are thus dispensed with. 

1012. From the mixture on the filter, the greater part of th 
platinum is extracted in the pure state by dilute aqua-regia slightl 
heated, and afterwards the rest of the platinum by strong aqua-regij 
with addition of common salt, as in a, II . But as the latter solution als 
contains iridium, it is precipitated with chloride of potassium the prec 
pitate treated, as in a, 7, with carbonate of potash, water, hydrochlori 
acid, and water and the pure platinum extracted from the residue b 
aqua-regia. The pure platinum solutions thus obtained, which shoul 
exhibit an orange-yellow colour (not a brown, as that would indicate th 
presence of iridium), are precipitated by solution of sal-ammoniac, and th 
precipitate of chloroplatinate of ammonium gradually heated to low rec 
ness (if the heat be too rapidly applied, the chloride of platinum parti 
volatilizes with the sal-ammoniac). The residue is pure Platinum. Th 
liquid, after precipitation by sal-ammoniac, still contains a certain quar 
tity of platinum; on dissolving sal-ammoniac in it, the greater part c 
the platinum is precipitated as chloroplatinate of ammonium; and th 
whole of that metal is obtained by evaporating the liquid to dryness, an 
igniting the residue. 

13. The oxide of iridium (10 to 12) is reduced by hydrogen to th 
state of metallic Iridium. 

1416. Palladium. The liquid (5) from which the chloroplatinat 
and chloriridiate of potassium have been precipitated by chloride of potas 
smm, together with the wash- water (6), contains palladium, rhodiun 
copper, and iron, still mixed with a small quantity of platinum an 
indium. It is acidulated with hydrochloric acid, and the noble metals 
together with the copper, precipitated by a plate of zinc or iron Th 
precipitate is digested with hydrochloric acid, well washed with'watei 
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arid dissolved in aqua-regia : the solution neutralized as exactly as pos- 
sible with carbonate of soda, and precipitated by cyanide of mercury. 
The precipitated cyanide of palladium, which is coloured somewhat greenish 
by copper, is then washed with water, and ignited; the residual palladium, 
containing copper, dissolved in aqua-regia ; a quantity of chloride of 
potassium added, equal to half the weight of the palladium; the solution 
evaporated to dryness, finally with addition of a small quantity of aqua- 
regia; and the residual dark-red chloropalladite of potassium pounded 
up, washed with alcohol, which extracts the chlorocuprate of potassium, 
and then ignited in a porcelain crucible, either strongly by itself, or more 
gently with addition of sal-ammoniac. The residue consists of Pal- 
ladium. 

17 20. Rhodium. The liquid, after precipitation by cyanide of 
mercury, together with the wash-water (14 16), containing rhodium and 
copper, together with small quantities of platinum and iridium, and like- 
wise mercury, is mixed with hydrochloric acid and evaporated to dryness, 
to drive off hydrocyanic acid. a. The residue, after being dried and 
finely pulverized, is either digested in alcohol of sp. gr. 0'837, which 
dissolves the chloroplatinate, chlorocuprate, and chloromercurate of sodium 
[also the chloriridiate], and leaves the chlororhodiate in the form of a 
dark-red powder; and this, after sufficient washing with alcohol, is ignited 
either strongly by itself, or gently in a current of hydrogen gas, after 
which the Rhodium, which remains in the form of a white, coherent mass, 
is purified from chloride of sodium by water. Or, /3. The dry residue is 
mixed with 1^ times its weight of carbonate of potash, and ignited; the 
potash-salts dissolved out by water, and the cupric oxide by hydrochloric 
acid; the residue mixed with 5 times its weight of bisulphate of potash; 
the mass kept in a state of red-hot fusion in a covered crucible, till it 
shows an inclination to solidify; the fused product boiled with water; 
and the undissolved portion repeatedly treated with bisulphate of potash 
and water, till the potash-salt no longer becomes coloured when fused. 
The rhodium solutions thus obtained, when evaporated and ignited with 
excess of carbonate of potash, leave a residue, which, after washing with 
water, yields oxide of rhodium; and this, when ignited either strongly 
per se, or gently in contact with hydrogen, leaves metallic Rhodium. 

23 26. Iridium and Osmium. As in a, 23 26. 

27. Iridium. The residue (25) which remains after distillation with 
hydrochloric acid [and likewise that of 24 1 ?], is diluted with water sutE- 
ciently to enable the liquid to pass through the filter. The substance 
which" remains on the filter is washed with alcohol of 60 per cent., as 
long as the liquid which runs through exhibits a green colour. a. The 
filtrate, together with the alcohol used in washing (containing titanium, 
chromium, iron, and a little iridium), is evaporated to drive off the 
alcohol, then diluted with water and boiled whereby titanic acid is pre- 
cipitated after which it is filtered, and the indium precipitated from the 
filtrate by zinc. b. The mass washed with alcohol gives up the chloriri- 
diate of potassium to boiling water. The filtrate is evaporated to dryness; 
the residue intimately mixed with twice its weight of carbonate of potash, 
and heated in a silver crucible, till it begins to fuse (in a platinum crucible, 
chloriridiate of platinum might be formed before the potash had begun to 
exert its decomposing action) ; the chloride of potassium and carbonate of 
potash dissolved out by water; the sesquioxide of iridium which is still 
contaminated with osmium, rhodium, platinum, and perhaps with palla- 
dium washed on the filter with water containing sal-ammoniac (if pure 



water were used, the sesquioxide of iridium would run through the filtei 
then freed from platinum by digestion in aqua-regia, and from rhodiu 
and palladium by repeated fusion with bisulphate of potash and subsequei 
digestion in water: and lastly, the oxide of iridium is washed with boilir 
water, and the iridium reduced from it, either by strong ignition per & 
or by moderate ignition in an atmosphere of hydrogen. 

With the purer grains of osmium -iridium, which are white ar 
strongly lustrous, have a specific gravity of 18*644, and are much rich< 
in osmium, and not contaminated with foreign metals, the best mode < 
proceeding is to ignite the mass with nitre heat the product over tl 
water-bath with excess of nitric acid, whereby the osniic acid is distille 
over dilute the residue in the retort with water filter and evapora' 
the pale purple filtrate containing nitre and nitrate of iridic oxide, till tl 
excess of nitric acid is driven off; it then acquires a dark green colou 
and when gently heated, deposits the iridic oxide. The greater pa: 
of the iridic oxide remains on the filter. It is thoroughly washed wit 
water digested with strong hydrochloric acid, which at first acquires 
green colour and gives off chlorine (in consequence of nitric acid sti 
remaining), but afterwards turns brown when the heat rises to the boilin 
point after which the residue is well washed, and the filtrate rnixe 
with sal-ammoniac, which precipitates chloriridiate of ammonium in tl: 
form of a black crystalline powder. The supernatant liquid, which sti 
contains protochloride of iridium and ammonium, leaves this compouu 
behind when evaporated to dryness. From the two double salts, tl 
iridium is obtained by ignition. The portion insoluble in hydroehlor: 
acid consists of undecomposed osmium-iridium, insoluble iridic oxide, an 
silica derived from the porcelain retort. After the latter has been di; 
solved out by boiling with aqueous carbonate of potash, the residue : 
pulverized, again fused in the retort with nitre, and treated in the manne 
just described. 

28. Osmium. As in a, 28. 

C. According to Fr. Dobereiner and Fr. Weiss. 
(Ann. Pharm. 14, 17, and 251.) 

L The platinum ore is heated in a retort with nitric acid, the require' 
quantity being put in at once, and strong hydrochloric acid added b~ 
small portions at a time. As soon as the hydrochloric acid present is a) 
decomposed, the liquid begins to jump, which is a sign that more hydro 
chloric acid is required. 

2. The distillate thus obtained is purified by repeated rectificatioi 
from matter mechanically carried over; it is then nearly neutralized wit] 
potash or lime, and heated to the boiling point with forruiate of potash 
The osmium is thereby precipitated in the form of a blue powder, wit! 
evolution of carbonic acid. 

3. The solution of the platinum ore (1) is filtered from the undis 
solved portion, which is then washed ; the filtrate and washings, mixec 
in a dark place and in the cold, with milk of lime, till the liquid is nearb 
neutralized; after which, lime-water is added in large excess, the liquic 
filtered as quickly as possible and the filter washed with cold lime-water 
All these operations must be performed as far as possible in the dark 
at all events only by candle-light. The oxides of the other metals (a; 
Herschel has shown) are precipitated by the lime, but the platinum ii 
not, provided day-light be excluded. 
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4. The filtrate, which contains all the platinum, together with a little 
palladium, is immediately mixed with a slight excess of hydrochloric acid, 
whereby any turbidity that may have been produced by the action of 
light is removed and the metals precipitated in a warm place by zinc, 
till the solution is decolorized. The liquid is then decanted; the zinc 
freed from adhering platinum by means of a feather and hydrochloric 
acid ; and the platinum washed in the vessel in which it was precipitated, 
first with dilute hydrochloric acid, then with boiling water, and lastly 
with nitric acid free from chlorine, to dissolve out the palladium. The 
platinum then remains in the form of platinum-black. 

5. From the nitric acid solution (4), after complete neutralization 
with carbonate of soda, the palladium is precipitated by cyanide of 
mercury. 

6. The Platinum, after being washed with the three liquids as 
described in (4), is in the form of platinum-black. To free it from char- 
coal derived from the zinc, it is ignited in a covered crucible so that nothing 
may be lost by deflagration. 

7. The precipitate (3) produced by the lime is dissolved, while yet 
moist, in hydrochloric acid the solution, after being nearly neutralized 
with carbonate of soda, is precipitated by cyanide of mercury and the 
liquid filtered. 

8. The precipitate (7) consisting of cyanide of palladium and cyanide 
of copper, is washed on the same filter with the one obtained in (5), after 
which it is ignited and dissolved in water. The solution is separated by 
filtration from any charcoal that maybe present; nearly neutralized with 
carbonate of soda; and heated in a capacious vessel with formiate of 
potash and a small quantity of acetic acid, the formiate of potash being 
added as long as it causes an evolution of carbonic acid. The Palladium 
then separates ia large shining laminae, while the copper remains in 
solution. 

9. The liquid filtered from the cyanide of palladium (7), together with 
the wash-water, is mixed with sal-animoniac and evaporated to dryness. 
The pulverized residue is then repeatedly digested in alcohol of sp. gr. 
0*833, which does not dissolve out any chlororhodiate or chloriridiate of 
ammonium, as long as chloride of iron is still present. The alcoholic 
solution contains cyanide of mercury, together with sesquichloride of iron 
and traces of chloride of copper. 

10. The residue is washed with alcohol and digested with hydrochloric 
acid to dissolve out the iron, and the rhodium separated from the iridium 
by fusion with bisulphate of potash, according to the method of Berzelius. 
(p. 261, No. 17.) 

11. The portion of the platinum ore which is insoluble in aqua-regia 
is treated with ammonia to dissolve out any chloride of silver that it may 
contain. (No particular method is given for the further treatment of the 
alloy of osmium and iridium; but in this part of the process also, 
formiate of potash might be useful for the reduction of the osmium.) 

Methods specially adapted for separating the Platinum. 

a. Descotils (Mem. d'Arcueil; also Gilb. 27, 231 ; comp. Hess, J. pr. 
Chem. 40, 498) gradually adds 1 pt. of platinum ore to 4 parts of zinc in 
a state of fusion; covers the crucible; exposes it to a powerful heat in a 
wind-furnace, the draught of which is strengthened by putting a high 
dome upon it; takes the crucible out after half an hour; reduces the 
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greyish white, somewhat granular alloy to a fine powder; and dissolve 
out the zinc with oil of vitriol diluted with three times its weight o 
water, heat being applied towards the end of the process. "When th< 
dilute sulphuric acid no longer exerts any action, nitric acid is likewis< 
added to it, and finally the alloy is sometimes treated with hot oil o 
vitriol; this, however, and the nitric acid dissolve a little platinum an< 
palladium as well as the zinc. The finely pulverized residue thus puri 
fied from zinc, and then washed and dried, deflagrates with a hissing 
noise when heated, but after being washed with hydrochloric acid, n< 
longer exhibits this phenomenon. After washing, it requires to dissolv 
it only 4 times the quantity of strong aqua-regia (consisting of 1 pt. nitri 
and 3 pts. hydrochloric) that was used to dissolve the platinum ore. I 
is best to pour all the nitric acid upon it at first, and then add the hydro 
chloric acid in small portions. The solution is separated by decantatioi 
from the black residue (osmium-iridium) ; evaporated to dryness; dis 
solved in water, which leaves behind all the gold in the metallic state 
then mixed with cyanide of mercury, which throws down cyanide o 
palladium ; filtered ; and mixed with carbonate of soda free from potasl 
and not in excess, which throws down sesquioxide of iron, while th< 
chloroplatinate of sodium which is formed and remains in solution, is no 
decomposed. The iron precipitate is separated from the platinum-solutio] 
by filtration, or better by decantation, and thoroughly washed. ShouL 
it contain platinum, that metal is precipitated from the solution in hydro 
chloric acid by sal-ammoniac. The liquid containing the chloroplatinat 
of sodium, which should contain a slight excess of acid, and should b 
neither too concentrated nor too dilute, is mixed with a sufficient quantity 
of carbonate of soda to give it a slightly alkaline reaction, and then expose< 
for some time to the air most advantageously at a temperature betweei 
50 and 60 whereupon it deposits the iridium in the form of a greei 
precipitate, from which the liquid is separated by filtration. This liqui< 
saturated when cold with hydrochloric acid, and mixed with sal-ammoniac 
deposits nearly pure chloroplatinate of ammonium, which is washed witl 
a small quantity of water. (The small quantities of platinum and iriditin 
which remain in the liquid, are precipitated by liver of sulphur.) As '< 
large quantity of platinum is mechanically carried off during the ignitioi 
of the chloroplatinate of ammonium, the best method is to ignite it, afte: 
thorough drying, in an earthen retort. The spongy platinum is wel 
boiled with water and then with dilute sulphuric acid, afterwards washec 
with water, re-dissolved in aqua-regia, and precipitated by sal-ammoniac 
The chloroplatinate of ammonium thus obtained yields, on ignition 
perfectly pure platinum. 

b. Ridolfi (Schw. 24, 39) /uses the ore with lead, then with sulphur, &c 

Special processes for the treatment of ike residue insoluble in aqua-re f/ia 
( Osmium-iridium. ) 

a. According to Wohler (Pogg. 31, 161; also Ann. PJiarm. 9, 149; 

further Jahresber. 15, 147). 

1. The residue need not be pulverized, but the coarser grains o: 
osmium-iridium may be picked out. Ammonia is then poured upon the 
residue to dissolve out the chloride of silver, which, at all events, is pro- 
duced in the working of the American ore. The residue, after drying 
is mixed with an exactly equal weight of decrepitated common salt, and 
the mixture heated to low redness in a long, wide glass tube. Through 
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one opening of this tube, undried chlorine gas is slowly introduced, the 
other end passing into an empty receiver,, from the tubulure of which; the 
chlorine gas, which remains uncombined, together with the vapours of 
osrnic acid, is conveyed by means of a bent tube into aqueous ammonia. 
In this manner 3 chloriridiate of sodium and chlorosmiate of sodium are 
produced, while the titanate of iron remains unaltered. The osmium-salt 
is decomposed by the moisture of the chlorine gas, into hydrochloric acid 
and osmic acid, which volatilize, and metallic osmium and chloride of 
sodium, which remain behind; with these latter substances, the chlorine 
again forms chlorosmiate of sodium, which is again decomposed, &c. ; so 
that, ultimately, the greater part of the osmium volatilizes in the form of 
osmic acid, while a small portion sublimes at the colder end of the tube 
in the form of green or red chloride of osmium. If the chlorine be 
gradually evolved, it is wholly absorbed, and when, after a few hours, 
bubbles of it pass over into the ammonia, we may know that the process 
is at an end. In an experiment performed by Joss (J \ pr. CJiem. 4, 373) 
in which the chlorine was too rapidly evolved, chloride of nitrogen was 
formed ; he therefore recommends the use of carbonate of soda instead of 
aqueous ammonia; Berzelius recommends an aqueous solution of potash. 

2. The ammoniacal liquid, coloured yellow by osmic acid, is mixed 
with sal-ammoniac and carbonate of soda, and evaporated to dryness, 
the residue gently ignited in a retort, and then digested in water to dis- 
solve out the soluble salts, whereupon the osmium is left behind in the 
form of a black powder. In a similar manner, the sublimed osmic acid 
may be dissolved in aqueous ammonia, and treated as above. Or if it be 
preferred to preserve the osmic acid as such, the receiver may be corked 
and gently heated to the melting point of the acid, and the fused product 
poured into a well-closed bottle, or into a glass tube which is afterwards 
hermetically sealed. These operations, however, must be performed with 
the greatest caution, on account of the injurious action of the osmic acid 
vapour on the eyes and respiratory organs. 

3. The tube (1), together with its slightly aggregated contents, is 
placed in water; and the deep brown aqueous solution which smells of 
osmic acid, produced by the decomposing action of the water on the 
chloride of osmium is separated from the insoluble portion, and distilled 
to half its*bulk in order to volatilize the osmic acid, which is then taken 
up by the aqueous ammonia in the receiver, and reduced as in (2). 

4. The liquid (3), remaining in the retort, is filtered, and the filtrate, 
which contains chloriridiate of sodium, and neither palladium nor rhodium, 
is evaporated, with gradual addition of carbonate of soda, whereupon a 
brown precipitate is at first produced, and afterwards a brown-black one. 
The whole is then evaporated to dryness; the black mass gently heated 
in a hessian crucible; the residue digested in hot water, which takes up 
chloride of sodium, carbonate of soda, and a small portion of chromate; 
and the insoluble residue of black, pulverulent sesquioxide of indium, 
which still contains a large quantity of soda, together with small quan- 
tities of iron, osmium, and platinum, is washed and dried. The sesqui- 
oxide of iridium is reduced by hydrogen gas, and at a high temperature, 
to ensure complete reduction (although the reduction takes place, with 
incandescence, even at ordinary temperatures); and the iridium is freed 
from soda by water, from iron by strong hydrochloric acid, and then from 
platinum by aqua-regia. Tho iridium, together with the filter, is then 
inclosed within a considerable number of folds of paper, and pressed hard 
into a cake in a screw-press ; after which it is dried and exposed to a 



violent heat in a blast-furnace. The iridium then remains in the form o 
a grey, tolerably compact mass, susceptible of polish. 

5. The residue (3), insoluble in water, weighs from 25 to 30 pe 
cent, less than the original (impure) osmium-iridium. It is contaminate* 
with a small quantity of metallic osmium, proceeding from the decora 
position of the chloride of osmium by water. To purify it further, it i 
again mixed with common salt, which need not exceed half its weighl 
then treated with chlorine, &c., whereby it still loses from 5 to 7 pe 
cent, of osmium, iridium, and iron. 

Berzelius considers this mode of treating the osmium-iridium as th 
easiest and most advantageous of all. 

b. According to Persoz (Ann. Okim. PJiys. 55, 210; also J.pr. 
Chem. 2, 473). 

1. A mixture of 1 pt. of osmium-iridium, 2 parts of dry carbonate c 
soda, and 3 parts of sulphur, is put into a red-hot earthen crucible, whic 
is heated to whiteness for a few minutes with the cover on, then take 
out of the fire, and broken to pieces when cold. Three layers are foun 
within it; at the bottom, a metallic-looking, crystalline mixture of metalli 
sulphides, also containing sulphide of sodium; in the middle, pui 
sulphide of sodium, intermixed with a few crystals of the lower mas* 
and at top, a brownish crust of silicate [probably also titanate ?] of sods 

2. The two lower layers are together treated with water, and tt 
insoluble matter separated from the dissolved portion by subsidence an 
decantation, and washed in the same manner with water. The wate 
principally holds sulphide of sodium in solution; but also, according to P; 
Weiss & Fr. Dobereiner (Ann. Pliarm. 14, 16), a considerable quantit 
of sulphiridiate and sulphosmiate of sodium, which give it a deep grasis 
green colour, and are precipitated green by acids. 

3. The undissolved portion consists of the sulphides of iridiun 
osmium, iron, and perhaps also platinum. The iron is extracted b 
dilute hydrochloric acid, and the graphite-like residue, consisting of th 
sulphides of iridium and osmium, is washed and dried, then mixed wit 
three times its weight of mercuric sulphate, and heated to strong rednes 
in an earthern retort provided with connecting tube and receiver, whic 
causes a copious evolution of sulphurous acid. 

4. In the neck of the retort is found a compound of osmic oxide wit 
mercury [mercuric oxide?]; it is gently heated in a slightly incline 
glass tube, through which a stream of hydrogen is passed; mercury the 
volatilizes, and metallic osmium remains behind. 

5. In the connecting tube there is found a blue liquid containin 
osmium, sulphur, and oxygen. By treating it with water, it is converte' 
into a blue powder, which is washed, dried, and, as in (4), reduced b 
hydrogen to the state of metallic osmium, water and sulphuretted hydroge" 
being at the same time evolved. 

6. The iridic oxide remains in the retort, and is reduced to th 
metallic state by hydrogen gas at a high temperature. The osmiun: 
which is sometimes, though rarely, mixed with the iridic oxide, may b 
removed by fusion with hydrate of potash in a silver crucible, and sub 
sequent washing with water, which then extracts osmiate of potash. 

(The osmimn-iridiun^ is almost completely disintegrated by ignitioi 
with pentasulphide of sodium, so that, after being well washed with watei 
it may he almost wholly oxidized by ignition with 1 part of carbonate o 
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potash and 2 parts of nitre, and may then be treated with. water, dilute 
nitric acid, and lastly, with hydrochloric acid. F-r. Weiss & Fr.Dobereiner.) 
Comp. Fellenberg (Pogg. 41, 210; 44, 220). 

c. According to Fremy (Compt. Rend. 18, 144). 

The osmium-indium is ignited in a crucible with three times its 
weight of nitre whereby, according to Fremy, only a small quantity of 
osmium is volatilized; the fused mass, after an hour's ignition, is poured 
out upon a plate, the face being covered to protect it from the vapours of 
osmic acid; the portion soluble in water, distilled with nitric acid; and 
the osmic received in an aqueous solution of potash. The residue in the 
retort is digested in water to free it from nitric acid, and the iridic oxide 
which remains, is dissolved in hydrochloric acid. On the addition of 
sal-ammoniac to the filtrate, ehloriridate of ammonium is precipitated, 
mixed with chlorosmiate of ammonium. Sulphurous acid gas passed 
through water in which the precipitate is diffused, converts only the 
iridium-salt into a soluble salt, which separates from the sal-ammoniac 
solution in large brown crystals; and these, when ignited in a current of 
hydrogen, yield metallic iridium. 

[For Claus's method of separating RutJienium from tlie osmium-indium, see 
Chap. XLIIL] 

Processes for rendering Platinum malleable. 

The platinum which remains on igniting chloroplatinate of ammonium 
and similar compounds, has the form of a dull, grey, soft, spongy powder. 
To convert this substance into malleable platinum, it must be either fused 
or welded together. For the fusion of platinum per se, the heat of the 
oxy-hydrogen blowpipe, or of Marcet's blowpipe, is required; hence, it is 
very seldom resorted to on the large scale. Formerly, Jeanety fused 
3 pts. of platinum ore with 6 parts of arsenious acid and 2 of pearl-ash, 
whereby the base metals were converted into slags; ignited the cast 
plates of arsenide of platinum under the muffle till the arsenic was burnt 
away; and hammered together the remaining mass, which had become 
porous from loss of arsenic. Similarly, Pelletier recommended for this 
purpose the addition of a small quantity of phosphorus, and Mussin- 
Puschkm combined the platinum with mercury, and iguited the amalgam 
under continued pressure. More recently, these methods have been 
entirely superseded by that of Wollaston, in which the platinum is welded 
together without any addition. 

a. Wollaston's Process (Phil. Trans. 1829, 1; also Sckw. 57, 69; also 

Pogg. 16, 158). 

The chloroplatinate of ammonium to be used must be as free as pos- 
sible from chloriridiate of ammonium. It is well washed with cold water, 
then dried, and heated gently in a black-lead crucible, not more strongly 
than is necessary to expel the sal-ammoniac, so that the spongy platinum 
may be left, not in a closely aggregated, but in a loose state. It is rubbed 
to powder in the gentlest manner between the hands, pressed through a 
linen bag, and the coarser particles which remain in the bag are tritu- 
rated in a wooden mortar with a wooden pestle, not with any harder 
substance, because the platinum would then acquire the metallic lustre, 
and would not weld so completely as in the contrary case. The powder is 
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finally triturated with water, and the finer particles separated from tl 
coarser hy elutriation. The whole of the finer powder is then mixed up wi 
water to a uniform paste, and pressed into a brass cylinder. This cylind 
is 6| inches high, 1 '12 inch in diameter at top, and 1 '23 at bottom; its low 
and wider end is accurately closed with a steel stopper, which enters 
to the depth of of an inch, and is wrapped round with bibulous pape 
by which the running off of the water is facilitated. The interior of tl 
cylinder is smeared with grease, and the cylinder being placed in a gla 
full of water, is itself filled with water, and then completely filled wii 
the platinum paste. In this manner, all cavities and inequalities a: 
avoided. On the platinum paste is laid, first a piece of blotting-pape 
then a layer of woollen cloth, and part of the water is pressed out of 
by means of a wooden cylinder held in the hand. A plate of copper 
then laid upon the paste, so that the cylinder may be introduced in 
horizontal position into a very powerful lever-press, in which a stam 
presses on the copper plate. After the pressure, the steel stopper, whic 
closes the lower end of the cylinder, is taken out, and after it the no 
solid cake of platinum. This cake is heated to redness to drive off tl: 
remaining water and the grease, and render it more compact. It is the 
placed in an .air-furnace having a very strong draught and fed wit 
good coke, and exposed for 20 minutes to an intense heat, which : 
diminished during the last 5 minutes. In the furnace, the cake is lai 
by one of its ends on a plate of refractory clay strewn with pure quart; 
sand and placed 2^ inches above the grate, and a cylindrical pot i 
inverted over it in such a manner as not to touch the platinum at an 
point. The cake, while still red-hot, is taken from the furnace, lai 
down on one of its bases, and struck repeatedly on the other with a heav 
hammer. Should it bend, it must not on any account be hammered o 
the side, as that would break it, but must be straightened by wel 
directed blows on the ends. When the cake has been sufficiently cor 
densed by this treatment, it may be brought into any required form b 
heating and hammering, just like any other ductile metal. If the plat : 
num has become covered, while in the fire, with ferruginous scales, i 
must be coated with a moist mixture of equal measures of borax an 
cream of tartar; heated to redness in an air-furnace on a platinum traj 
over which an earthen pot is inverted; and immersed, while still hot, i 
dilute sulphuric acid, which dissolves the flux in a few hours. Specifi 
gravity of the cake (with its interstices), after pressure, about lO'O; afte 
strong ignition, from IT'O to 17*7 j after hammering, 21-25; after drawin 
out into thick wire, 21 -4; and after drawing out into very thin wire, 21^ 
(Wollaston.) J 

I. Russian Process for ike Coinage of Platinum. 

The spongy platinum is triturated dry in a brazen mortar with 
brazen pestle; the powder sifted through a fine sieve; introduced dr; 
into a cast-iron cylinder; and strongly compressed by a steel die, under ' 
powerful screw-press. The cylinder is then taken out of the mould 
ignited in a pottery- furnace for a day and a half, during which the heigL 
diminishes by \ and the diameter by ^; and is thereby converted int 
perfectly malleable platinum. (Sobolewski, Pogg. 33, 99; also Am 
Pharm. 13, 42; comp. Marshall, Phil Mag. Ann. 11, 321.) 

For the formation of small platinum crucibles, &c., the steel morta 
described by Abich (Pogg. 23, 309) may be used. The platinum powde 
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may be introduced into it, either dry or moist; the stamp driven in by 
means of a press, or if that be not at hand, by repeated blows of a 
hammer; the platinum cylinder then forced out by removing the piece 
which closes the lower end of the mortar, and carefully pressing the 
stamp further inwards; and the cylinder ignited in a crucible, first gently 
in an air-furnace, then more strongly in the blast-furnace, and beaten on 
the anvil while still red-hot. (Gm.) 

Jacquelain (Ann. Ckim. Phys. 74, 213 ; also J. pr. Chem. 22, 22) pre- 
cipitates a solution of 100 parts of platinum in aqua-regia with a mixed 
solution of 25 pts. chloride of potassium and 36 pts. sal-arnnioniac ; dries 
the precipitate well, and introduces it into a red-hot platinum crucible by 
small portions at a time, as the reduction goes on; ignites it moro 
strongly for 20 minutes after the whole has been introduced; waslies the 
spongy mass, first witli water containing hydrochloric acid (to remove 
any ferric oxide that may be present), then with pure boiling water, till 
all the chloride of potassium is dissolved out; heats the platinum, con- 
sisting of fine, soft, easily welding laminae, to redness; introduces it 
while still rod-hot, into a heated, polished, cast-iron cylinder, fastened by 
its base to a wooden block which serves as a support; places upon it a 
polished cylinder which fits well into the outer one ; strikes the upper 
cylinder first with light but afterwards with heavy blows., by means of a 
rammer; takes out the cake, ignites it again, and presses it once more in 
the cylinder. 

It has also been proposed to reduce platinum (in the same manner a.? 
copper) by the electrotype process. (Phil. Mag. J. IS, 442.) 

Properties of A Platmum. Platinum united in compact masses is harder 
than copper, but softer than iron. By loading platinum wires with 
weights, it is found that platinum exceeds all nietals in tenacity, excepting 
iron and copper. After gold and silver, it is the most ductile of the 
metals, and may be drawn out into extremely thin wires. Alone, it may 
be drawn out to the thickness ofy^j-g- of an inch; but when enclosed 
within a silver wire (I. 409), it may be reduced to 50 1 00 and even to 
TcRToo" of an inch in thickness; in the latter case, however, the wire is 
not coherent in long pieces. (Wollaston, Ann. Phil. 1, 224; also Glib. 
52, 284.) It may also be beaten out into very thin laminae, like gold- 
leaf. (Klingenstem, Kastn. Arch. 14, 162.) A small proportion of 
iridium makes it harder and less ductile. Specific gravity of hammered 
platinum 20-857 (Clarke), 20-98 (Borda), 21-061 (Sickingen), 21-25 
(Faraday & Stodart; Wollaston), 21*45 (Berzelius), 21*74 (Klaprotk), 
23'5I3, at 17 (Cloud); of platinum united by welding and drawn out 
into thick wire, 21 '4; when drawn out into very thin wire, 21 '5; of 
platinum fused by the oxygen-gas blowpipe and drawn out into wire, 
21-16 (Wollaston). Platinum may be welded at a white heat. On this 
property is founded Wollaston's process for giving coherence to platinum 
(p. 271), also that of Marx, for repairing injured platinum vessels 
(p. 275). It does not fuse per se in the strongest heat of a forge. Ac- 
cording to Faraday and Stodart, it fuses imperfectly: if however the fuel 
be not kept from contact with it, fusion takes place from formation of an 
alloy of silicium and platinum. Fuses in an alcohol flame fed with 
oxygen gas, in the fiame of the oxy-hydrogen blowpipe, in the focus of a 
large burning glass, and in the circuit of Children's galvanic battery. 

Platinum possesses the following advantages over other metals as a 
material for chemical vessels: 1. It withstands oxidation in the air at a 
YOL, vr, T 



reu neat as weu as goia ana silver, ana is, at tne same time, much nai 
and more difficult of fusion. 2. It is not attacked either by sulphu: 
by mercury. 3. It does not dissolve in any simple acid, so tliat ni 
acid and oil of vitriol may be boiled in it ; in aqua-regia, likewise 
dissolves much less readily than gold. To prevent injury to platii 
vessels, the following precautions must be observed : They are attac 
by chlorine-water, by mixtures of hydrochloric acid with nitric acL 
chromic acid and their salts, also with peroxide of manganese and c 
peroxides. No metal must be heated in them to a temperature nea: 
melting point, because it will then form a fusible alloy with the plati 
and perforate the vessel. This effect is produced with especial fac 
by arsenic, antimony, tellurium, bismuth, zinc, cadmium, tin, lead, 
at higher temperatures, also by copper and silver. A similar effe 
produced by the oxides of these metals, also by the salts of arsenic 
antimonic acid, if any substance be present which can take up 
oxygen, such as organic acids, the charcoal of filters, bits of charcoal 
dentally dropping in, or even the carbonic oxide gas of the charco 
coke fire, especially at a white heat, at which temperature the oxid< 
nickel, cobalt and copper may likewise do injury. The same dang 
incurred in fusing phosphoric acid and certain phosphates in plat: 
vessels, inasmuch as by the action of the carbon, an easily fusible ] 
phide of platinum is formed. When the sulphide or cyanide o 
alkali-metal is fused in a platinum crucible, a considerable quantil 
platinum is taken up by it, When a platinum crucible is ignited i 
open charcoal fire, silicium reduced from the charcoal-ash gets access 
and makes it brittle and disposed to crack. When potash-hydra 
nitre is ignited in a platinum vessel, the metal is slowly oxidized 
more quickly than silver or gold, with formation of platinate of pol 
similarly with soda, and still more with lithia. Phosphoric acid rna 
fused in clean platinum vessels, provided all reducing agents be 
away, the metal not becoming brittle till after more than 1000 fus 
But if the platinum contains arsenic, as is the case with that prepare 
Jeanety's process, it is attacked by phosphoric acid prepared from ] 
phorus by the action of nitric acid, though not by that which is obfo 
from bone-ash by sulphuric acid. The vessel first acquires a blue tar 
and is afterwards corroded, even to perforation. At the same time 
fused phosphoric acid turns yellow, becomes covered with a metallic 
which afterwards disappears and imparts a brown colour to the acid ; 
the aqueous solution of the acid, when treated with sulphuretted hydr< 
yields sulphide of platinum together with sulphide of arsenic. (Sti 
Eepert. 39, 1.) Gay-Lussac & Thenard (Recherches, 1, 292) obse 
that platinum crucibles are quickly perforated when boracic acid 
taining sulphuric acid is fused in them. Probably their crucibles 
contained arsenic; at all events, the author has frequently perfo] 
this fusion without any injury to the crucibles. To test platinum ve: 
they should be boiled first with hydrochloric acid, then with dilute r 
acid, and an examination subsequently made of the acids, to asce 
whether they have dissolved anything, and if so, what is its na 
(Stieren.) 

^ To clean platinum crucibles which have been used, from adh< 
oxide of iron and other impurities, they may be smeared with a nib 
of equal measures of pounded borax and cream of tartar made IE 
paste with water ignited till the flux fuses and then immersec 
several hours in dilute sulphuric acid, which dissolves the flux C 
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last on.) Or the crucibles to be cleaned may be placed one within the 
other a little bisulphate of potash put into each the whole heated for 
a while, so that the fused mass may surround the crucibles within and 
without and then washed with water. (Gin.) 

Perforated and otherwise injured platinum vessels may be repaired by 
welding. The requisite conditions are: A bright surface, a strong red 
heat, and moderate hammering. If the surface is not clean, it must be 
scraped bright and smooth with the sharp edge of a file, but must not be 
polished. Moreover, the surface must be quite free from iron-spots and 
rust, and should therefore not be struck with an iron hammer. Perfect 
welding requires a white heat, but platinum surfaces begin to adhere 
together at a red heat. While the union is being brought about by 
hammering, the pieces must be at least at a red heat. Only moderate 
blows must be given, not strong enough to beat the metal out. A suc- 
cession of short, firm strokes, given as quickly as possible after the 
metal has been taken out of the fire, is most effective. Small pieces 
of the metal are heated before the blowpipe or the glass-lamp upon 
charcoal, larger pieces, in the forge. To mend a crack at the edge of the 
crucibles, a narrow bent piece of platinum-foil is suspended over the 
crack and pressed close the crucible bound round at the lower part with 
iron wire then put into the fire with a pair of tongs thence, when 
white-hot, transferred to the pointed end of the anvil, and subjected to 
moderate blows with a broad, smooth hammer. If the welding is not 
complete, the operation must be repeated. When a crucible is perfo- 
rated with a small hole, the end of a platinum wire of proper thickness is 
passed through, beaten flat at the end, nipped off with the pliers on the 
other side, and beaten out there also. This rivet, when heated to white- 
ness, welds firmly under the hammer. To mend larger holes, a piece of 
platinum-plate of proper size is beaten out, and fastened with one or more 
rivets, for which holes have been previously bored. After proper welding 
the join is no longer visible. (Marx, Seine. 66, 159.) (It had previously 
been stated by Wollaston (Poyg. 16. 160),, that a platinum wire cut 
through obliquely with a sharp tool, and joined together by the cut 
surfaces, may be readily welded together under the hammer at a red heat, 
but that the union would not take place, or but imperfectly, if the cut 
surfaces had been previously polished. 

Platinum-Deposits on Glass : 

a. When bichloride of platinum is gently heated with, alcohol, a brown 
mass is obtained, which readily chars when heated. On dissolving this 
mass in alcohol, dipping a glass into the solution, turning it about in 
several directions so that the liquid may diffuse itself uniformly over it, 
and then heating the glass to redness over a spirit-lamp, a shining deposit 
of platinum, winch cannot be rubbed off, is left upon it. But in contact 
with zinc and dilute sulphuric acid, it immediately separates in delicate, 
transparent laminae. (Dobereiner, Scfiw. 54, 414.) 

b. The aqueous solution of platinate of potash, or soda, mixed with 
one-fourth of its volume of alcohol, then introduced into a graduated glass 
tube, and exposed to sunshine, deposits the whole of the platinum in a 
Mini of such extreme thinness, that the glass tube still appears transparent 
and merely turbid. In this tube, detonating gas quickly condenses ; it 
may be used several times as a eudiometer over water (but not over 
mercury), without losing its efficiency. (Dobereiner, Kastn. Arch. 9,341.) 

T 2 
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IT According to Lildersdorf, a specular deposit of platinum (plot-in 
lustre) may be formed on all glazed surfaces, and therefore both on ] 
celain and on glass, by dissolving bichloride of platinum which has 1 
evaporated to dryness without decomposition, in alcohol of 95 or 96 
cent., and slowly pouring the solution into five times its bulk of o 
lavender. Protochloride of platinum is thereby produced, and rem 
dissolved, in consequence of the simultaneous formation of acetic 
hydrochloric acid. With vessels having a lead-glazing, the burnin 
takes place at a low red-heat; with porcelain and glazings free from 1 
at a bright red heat. The method formerly adopted for producing 
tinum-lustre on earthenware, was by means of an emulsion of platir 
solution and linseed-oil; it was applicable only to glazes containing 1 
(Liidersdorf, Lingl. pol. J. 105, 36.) IT 

Platinum-Deposits on Copper and Brass: 

The copper or brass, previously cleaned with sand and hydroch 
acid, is immersed for a few seconds in a boiling solution of 1 pt. ch 
platinate of ammonium and 8 sal-ammoniac in 32 40 parts of water 
a sufficient deposit is formed upon it after which it is cleaned with 
pared chalk, and then washed and dried. (Bbttger, Ann. Pkarm. 39, 1 
[Respecting platinum-deposits formed by galvanic action, vid. (I. 500, 501). F 
observations of Bromeis on Plating with Platinum on silver, copper and brass ; 
Jahrsber. L. # K. 1850, 631.] 

Platinum exhibits two states of minute division. In Spongy Platu 
which is formed at a red-heat, the metal is finely divided, but in 
crystalline state ; and in Platinum-black, which is produced at ordi: 
temperatures, it is amorphous. 

a. Spongy Platinum : 

Generally obtained by igniting the chloroplatinate of ammonium, 
obtain this compound as free as possible from other metals which w 
otherwise remain mixed with the spongy platinum, and weaken its ac 
in setting fire to hydrogen gas, &c. (e. g., in Db'bereiner's Instantan 
Light Machine) the methods already described for the decompositic 
platinum ore may be adopted; viz., those of Berzelius (p. 264, Proce 
No. 7 12), and of Dbbereiner & Weiss (p. 266, 3 and 4), excepting 
the liquid filtered from the lime-precipitate must be slightly acidul 
with hydrochloric acid, immediately precipitated by sal-ammoniac, 
completely freed from chloride of calcium by washing. (The wash-w 
of the precipitate formed by lime is concentrated by evaporation aftei 
addition of hydrochloric acid, before it is precipitated by sal-ammo] 
(N. Br. Arch. 14; 274.) Spongy platinum is a dull grey, soft, po 
substance, having the same specific gravity as massive platinum, 
more strongly it is ignited, the more closely do its particles unite, 
pressure with a hard body, it is condensed into laminae having the met 
lustre. Its action on gases and vapours mixed with oxygen has 1 
specially described in Vol. II., pp. 49, 50. 

I. Platinum-black: 

This form of platinum, with its remarkable action on oxygen gas 
combustible bodies, was discovered by Edrn. Davy, who, however, 
led by certain small accidental impurities to regard it as nitrite of 
tinous oxide, till Liebig showed that pure platinum-black consists of i 
finely divided platinum. 
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Preparation. 1. When alloys of platinum with otlier metals are 
treated with acids which attack the foreign metals but not the platinum, 
the former are dissolved out, and the platinum remains in the form of a 
black powder, having the properties of platinum-black, a. In this 
manner it was obtained by Descotils (p 267), who remarked the hissing 
which it makes when heated. [According to Boussingaultj this black 
powder also contains 31 per cent, of zinc. Vid. Platinum and Zinc. But 
Boussingault omitted the use of nitric acid and oil of vitriol.] A powerful 
platinum-black is obtained by fusing 1 pt. of platinum ore with 2 parts 
of zinc; pulverizing the alloy, and treating it first with sulphuric and 
then with dilute nitric acid, till the whole of the zinc is dissolved, which 
takes place but slowly ; separating the residual alloy, by elutriatiou with 
water, from the heavier grains of osmium-indium ; and then washing it 
with potash-ley, and afterwards with water. Since the platinum-black 
thus obtained is still mixed with the osmium and iridium of the ore, it 
transfers to the osmium the oxygen which it takes from the air, con- 
verting that metal, soon after drying, into osmic acid,, which may then be 
separated by distillation with water. (W. Dobereiner, Ann. Pharm* 17, 
67.) b. The author likewise found that an alloy of pure platinum with 
copper and zinc, when treated with nitric acid, left the platinum in the 
form of platinum-black. c. When a mixture of aqueous bichloride of 
platinum and sesquichloride of iron is precipitated by ammonia, the 
washed and dried precipitate reduced at a red heat by hydrogen gas, and 
the resulting alloy of platinum and iron treated with hydrochloric acid to 
dissolve out the iron, there remains a black powder, which, when heated 
in open vessels to a temperature considerably below redness, takes fire 
and detonates slightly^ but not in close vessels; it is not raised to a red 
heat by contact with alcohol. (Berzelius.) (According to Boussingault, this 
powder contains 19*9 per cent, of iron; rid. Platinum and Iron. In that place, 
also, "will be found a description of a similar powder obtained by Faraday & Stodart.) 
d. Platinum fused with potassium, separates ont in black scales 
when the alloy is immersed in water. (Berzelius.) These two sub- 
stances obtained by Berzelius consist of platinum-black. They set 
fire to alcohol ; thus d produces this effect, if it be previously freed 
from adhering hydrochloric acid by washing with potash and water. 
(W. Dobereiner.) " 

2. Platinum-black is also formed by precipitating platinum from its 
solutions with zinc. The solution of bichloride of platinum, to yield the 
black, must contain free hydrochloric acid, and be dilute; from a more 
neutral solution, zinc precipitates the platinum in grey, coherent lumps. 
(Liebig.) The precipitate thrown down by zinc from a platinum solution 
(p. 267, No. 4), after bein^ freed from palladium by nitric acid, then 
washed with water, boiled with potash-ley, and again washed, appears 
denser than platinum precipitated in other ways, absorbs less oxygen, 
and consequently does not set lire to alcohol; hence it is best adapted 
for converting that compound into acetic acid. (Fr. Dcbereiner, Ann. 
Pharm. 14, 259; comp. W. Dbbereiner, Schiv. 54, 414.) Another mode 
of preparation is to reduce chloroplatinate of ammonium or potassium 
immersed in hydrochloric acid, by zinc, and free the resulting platinum- 
black from zinc by nitric acid. (Berzelius.) 

3. By precipitating aqueous bichloride of platinum with hydrosul- 
phuric acid, washing the precipitated sulphide of plat-ilium, and exposing 
it for some weeks to the air. By this process, oxidized sulphide of pla- 
tinum is formed. (W. Dobereiner, tichw. 54, 414.) [Since, as stated by 



BerzeliuSj moist sulphide of platinum, when exposed to the air, fo 
quantity of sulphuric acid, sufficient to blacken the paper on wl 
rests, it is possible that oxidized sulphide of platinum may be r 
metallic platinum separated from the sulphide and mixed with sul 
acid.] 

4. By reducing platinum with an organic compound. a. By 1 
dcid. Aqueous bichloride of platinum mixed with formiate of 
(Gbbel.) Or platinate of soda heated with aqueous formic acid. (V 
bereiner, Pogg. 28, 181.) 

1. By Tartaric acid. Cooper (Qu. J. of Sc. 5, 120), by i 
aqueous bichloride of platinum with tartrate of soda, at tempei 
between 82 and 93, obtained a greyish-black powder, which he su] 
to be hydrated platinic oxide; it shrank together to -J- of its bulk ai 
heat, and was converted into ductile platinum. This precipitate, ^ 
and dried at 100, gives off only 1*41 per cent, of hygroscopic wat< 
red heat, and must be regarded as platinum-black, The same prec 
is obtained with tartrate of potash, ammonia, or lime, at a boiling 
and moreover with evolution of carbonic acid, but not with free t; 
acid or cream of tartar; at ordinary temperatures, tartrate of 
throws down chloroplatinate of potassium. (R. Phillips, Phil. Mag 

94 -) 

c. By Alcohol, a. Edm. Davy's original process (Schw. 31, 

Sulphide of platinum, precipitated from the solution of the bichlori 
sulphuretted hydrogen, is converted into sulphate of platinic ox: 
boiling with nitric acid, and the solution mixed with an equal qu 
of alcohol. The liquid then becomes perfectly colourless, after s 
days at ordinary temperatures, but immediately on heating; and t' 
formed a black precipitate, which must be washed with water, 
precipitate, when heated, yields several products (vicl. inf.), among 
is hyponitric acid. (E. Davy.) But if the precipitate be pre^ 
boiled with potash and then with water, it still retains its peculia 
perties, but gives off no nitrous gas; the presence of nitrogen-comf 
in it is therefore accidental. (Liebig, Pogg. 17, 102.) /3. Protocl 
of platinum is heated in a retort provided with a receiver, with 12 
its weight of alcohol, of sp. gr. 0*813. It turns black ; while the ( 
less alcoholic, liquid becomes sour, and gives off vapour of hydro< 
ether. The liquid is poured off, and the black substance washe 
dried. This body, when heated, even out of contact of air, defla 
with a hissing noise, and exhibits a glimmering light, giving off o: 
carbonic acid, and water. (Zeise, Pogg. 9, 632.) When hydrogen 
passed over this preparation, it becomes heated to redness, yielding 
ever, not water, but hydrochloric acid; it therefore contains a ch 

compound accidentally mixed with it. (Liebig, Pogg. 17, 102.) 

chloride of platinum is exposed to a continued strong heat, till it 
the most part converted into the protochloride; the portion which re 
undecomposed is extracted with hot water; the insoluble protochlo: 
heated in a flask with strong potash-ley till completely dissolved 
the black liquid removed from the fire, and gradually mixed, whi] 
hot, with alcohol. A large quantity of carbonic acid is then disen< 
with strong effervescence, together with an ethereal substance, ar 
platinum-black falls to the bottom in the form of a very heavy pc 
which must be washed, first with a small quantity of alcohol, ther 
hydrochloric acid, then with potash, then 4 or 5 times with wate 
after thoroughly washing, dried in a porcelain basin, without brino- 
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in contact with the filter or any other organic substance. If a large 
quantity of cupric nitrate be added to the solution of protochloride of 
platinum in potash, before boiling it with the alcohol, the platinum-black 
will be mixed with twice its weight of copper, but will be quite as active as 
when pure. (Liebig, Pogg. 17, 10 1 ; abstr. Mag. Pkarm. 29, 101 .) 8. 3 parts 
of hydrate of potash are dissolved in 12 18 parts of boiling brandy; 
4 parts of chloroplatinate of potassium added to the solution in a wide 
glass vessel; and the vessel set aside for 8 days, in a warm place, where 
it is exposed to the rays of the sun (the liquid being frequently stirred), 
till all the platinum is precipitated, and no more gas-bubbles rise from 
the liquid on stirring. If, during this process, the liquid should cease to 
exhibit an alkaline reaction, more potash must be added to it, for the 
alkali must always be kept in excess. The potash, in fact, combiues with 
the acetic acid produced from the alcohol, by the oxygen of that part of 
the potash to which the chloride of platinum gives up chlorine. The 
liquid is decanted, and the platinum -black washed, first with pure water, 
then with water containing acetic acid, then again with pure water, 
and dried upon bibulous paper. When large octohedrons of chloroplati- 
nate of potassium are treated in this manner, a platinum-black is obtained 
possessing the highest degree of inflaming power. (\V. Dobereiner, Ann. 
jPkarm. 2, 1.) Another method is to expose a solution of platinum in 
aqua-regia, supersaturated with potash and mixed with a little alcohol, 
to the sun, till all the platinum is precipitated in the form of black. In 
this case, if the solution still contains nitric acid, a very large quantity of 
ammonia is evolved towards the end of the process; but its formation 
ceases, as soon as all the platinum is reduced to the form of black. 
(W. Dobereiner, Schu\ 63, 476.) e. The aqueous solution of bichloride 
of platinum is mixed first with acetate of soda, then with alcohol. 
(W. Dobereiner, Pogg. 28, 181.) 

d. With Sugar. The aqueous solution of 4 parts of bichloride of 
platinum is mixed with 10 to 12 parts of crystallized carbonate of soda 
and 1 part of sugar, and heated to 100^ over the water-bath, with constant 
agitation, till, in the course of a quarter or half an hour the liquid having 
previously acquired a dark-brown colour the whule of the platinum is 
precipitated in the form of black ; the liquid is then decanted, when cold, 
and the platinuni-black washed with water and dried. This process is 
the most convenient aud economical of all, bui it succeeds otily when the 
platinum-solution is free from nitric acid. The black which it yields sets 
fire to alcohol as quickly as that of E. Davy. (W. Dobereiner, Ann. 
Pkarm. 2, 1.) 

In whatever manner platinum-black is prepared, it is well to boil it 
with nitric acid, to remove foreign metals, then with potash-ley, and 
finally with water. (W, Dobereiner, Ann. Pkarm. 14, 17.) 

Platinum-black is a soft, black, dull-looking powder, which soils any 
surface on which it is rubbed. (E. Davy.) Granular and rough to tbe 
touch: of sp. gr. from 15*78 to 16*32 and 17'572 By pressure, it 
acquires a white colour and metallic lustre. Inodorous. (Liebig.) Plati- 
num-black obtained from platimite of soda and formic acid, is not pulve- 
rulent, but consists of extremely fine laminte. (Dobereiner.) Gr. Rose 
found the specific gravity of platinum-black prepared in different ways, 
to vary from 16*83 to 22*89; in one specimen, it was only 14*bO. 
(Jakresber. 18478, 38.) 

If platinum- black be completely freed from alcohol by boiling with 






I . quickly admitted to it, such abundant absorption [of oxygen gas?] 

| place, that the substance becomes heated to redness, and the pa 

\ i , which it is enveloped burns away. (Liebig.) 

[ I Liebig' s platinum-black, when heated to redness in the air, in o: 

or in hydrogen gas, loses nothing in weight, exhibits no incandes 
and in hydrogen gas, does not form water. During the process of ( 
the black absorbs a large quantity of oxygen from the air, t 
nitrogen, or at most an extremely small quantity. At a red h 
* might be expected to give up the oxygen; but instead of that, it * 

| % f carbonic acid, sometimes, but not invariably, mixed with oxygen. 

I I } always contains carbon, even when precipitated by zinc, that m< 

'< f ' l ', fact, never being free from carbon. Thus, 60 grains of platinun 

1 1 , prepared with zinc, in which, according to the quantity of carbon 

i' I f gas which it yields with formic acid, there should be contained 1*2< 

'f 'I I ' inches of oxygen, give off at a red heat, not this quantity of o 

-i I ! but 1*20 cubic inches of carbonic acid, together with a trace of 

\ , (W. Dobereiner, Ann. Pharm. 14, 10.) 

i% \ ', Many kinds of platinum-black deflagrate with a hissing nois< 

' f - * heated, even much below redness. That which, is obtained from th 

4 | ( of platinum and ziuc, by the method of Descotils and Dobereiner 

'^ ;< sometimes detonates like gunpowder (Descotils); that which is pi 

j ] from the alloy of platinum and iron (1, c), exhibits hissing defla, 

\ , when gently heated in an open vessel, but not in a close vessel. 

* * zelius.) Edmund Davy's platinum-black (4, c, a), which contain* 
' ^ jj per cent, of platinum and 3 '7.5 of nitrous acid, oxygen, and carbon: 

j deflagrates when heated, with a hissing noise and red flame, and 

, ;; platinum; if heated out of contact of air, it gives off carboni 

f , oxygen, water, and hyponitric acid, and leaves platinum. (E. D 

I ( May not this deflagration be clue to the presence of considerable qu; 

f carbon, alcohol, or other compounds of carbon in these kinds 
tinum-black? Thus, Liebig found that his platinum-black, when c 
vacuo, still retained alcohol (which, could only be driven off by coi 
boiling with water), and consequently took fire at 100. 

Platinum-black, by means of the oxygen which it has absorbed 
an oxidizing action upon most combustible gases and vapour, 
organic and inorganic, whereby it may itself be heated to redness 
the air has access to it, may set the gases ou fire. If access of ai: 
oxygen gas be prevented, this oxidation ceases as soon as the 
absorbed by the platinum-black is consumed (even in this case, he 
the black, if not moist, may be raised to a red heat in hydrogen ga 

; ( if the air or oxygen has access to it, the platinum-black takes u 

*ygen, which it transfers to the combustible body; and thus the 

t I becomes continuous. (W. Dobereiner; comp. II., 51; see also Oxal 

Formic acid, Marsh, gas, defiant gas, Ether, Alcohol, Wood-spit 

Cyanogen,} The more strongly and frequently platinum-black is 

. ! to faness by its action on combustible gases, the denser does it 1 

* i . and the "i 01 '? nearl J d es it approach in its properties and acti 
! spongy platinum. It loses its activity in ammoniacal gas, am 

( , moistened with hydrochloric acid; but recovers it on beine mo 

i \ with aqueous potash or carbonate of soda, and subsequently dri 

ammonia then escaping. The activity of platinum-black is also de 
i by moistening it with aqueous bichloride of platinum and alcoho" 
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same time, but may be restored by continued washing with carbonate of 
soda, and subsequent drying. Sulphuric and nitric acid do not impair its 
activity. (W. Dbbereiuer.) 

Edmund Davy's platinum-black likewise exhibits the following pro- 
perties : In dry ammoniacal gas, it rises to a red heat, with decrepitation 
and emission of sparks, and absorbs a large quantity of the gas. When 
agitated with aqueous ammonia, whereby gas-bubbles are evolved, it 
acquires detonating properties. Heated with phosphorus, it forms phos- 
phide of platinum, with vivid combustion; and when heated with sulphur, 
yields blue sulphide of platinum. (E. Davy.) 



Compounds of Platinum. 

PLATINUM AND OXYGEN. 

A. PLATINOUS OXIDE. PtO. 

Protoxide of Platinum, Platinoxydul. Appears to be formed in the 
combustion of platinum, which takes place at the melting-point of the 
metal, and is attended with sparkling, with emission of fumes, and 
formation of a clingy green dust. The combustion does not take place 
at an ordinary white heat, but only in the flame of hydrogen gas burning 
in contact with oxygen, or of a spirit-lamp fed with oxygen gas, or when 
a strong voltaic or electrical battery is discharged through thin platinum 
wires. 

Preparation. 1 . By carefully heating the hydrate of platinous oxide 
till it is deprived of its water. (Berzelius.) 2. When Herschel's platinate 
of lime is strongly ignited in a covered crucible, a dark violet powder is 
obtained, which becomes very hot by contact with water, and, when 
freed by water and nitric acid from chloride of calcium and lime, leaves a 
residue of platinous oxide. (Dobereiner, Pogg. 2S, 183.) 

Properties. Prepared by (1): grey (Berzelius); by (2): dark violet. 
(Dobereiner.) 

Pfc 99 92-52 

O 8 7-48 

PtO 107 100-00 

(PtO = 1233-499 + 100 = 1333-499. Berzelius.) 

Decompositions. Eeduced to the metallic state at a red heat; deto- 
nates strongly when heated to redness in contact with charcoal powder. 
(Berzelius.) By aqueous formic acid, it is reduced to platinum-black, 
with violent evolution of carbonic acid. (W. Dobereiner.) 

Combinations, a. With Water. HYDRATE OP PLATINOUS OXIDE, 
or PLATINOTS HYDRATE. Prepared by decomposing protochloride of 
platinum with a gently heated solutiou of potash, and washing the preci- 
pitate. Part of the protoxide remains dissolved in the potash, forming a 
dark green solution, from which it may be precipitated by sulphuric acid. 
(Berzelius.) The hydrate thus obtained cannot be completely freed from 
chlorine; if too much potash be added, the precipitate re-dissolves. 
(Liebig, Pogy. 17, 108.) If the hydrate be separated from the proto- 
chloricle by soda, a very considerable portion of soda remains in it, after 
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washing with water, and is left behind with the platinum, on ignition. 
(Vauquelin.) Bulky, black powder. When heated, it gives off water 
and afterwards oxygen; boiling hydrochloric acid resolves it into aqueous 
bichloride of platinum and a residue of metal; boiling potash-solution, 
into soluble platinate of potash and metallic platinum. (Berzelius.) 

b. With Acids, it forms the SALTS OF PLATINOUS OXIDE, or PLATING us 
SALTS. The violet oxide obtained by (2), does not dissolve in any 
oxygen-acid, excepting sulphurous acid; when boiled with aqueous oxalic 
I i acid, it takes up the latter. (Dobereiuer.) Some platinous salts are dark 

I 1 brown and red, others colourless. When ignited, they leave metallic 

I ji platinum. Hydrosulplmric acid and Lydrosulphate of ammonia colour 

^ |, their solutions brown, and, after a while, throw down a brown-black pre- 

, c cipitate of protosulphide of platinum, soluble in a large excess of hydro- 

f I sulphate of ammonia, and forming a brown-red solution. Iodide of 

I !, potassium colours tbem deep red-brown, and after a while, decolorizes the 

I I' liquid, and forms a black, metallic-looking precipitate. Protochloride of 

! tin colours the solutions deep red-brown, without forming any precipitate. 

j Mercurous nitrate produces a black precipitate. Ammonia added in 

j excess to the hydrochloric acid solution, throws down green crystalline 

I ammonio-protochloride of platinum. Carbonate of potash or soda pro- 

; duces a brownish precipitate, which is slowly deposited, the liquid 

J retaining a brown-red colour. The following substances have no action. 

I r on platinous salts: potash, carbonate of ammonia, phosphate of soda, 

{ oxalic acid, cyanide of mercury, ferrocyanide of potassium, and ferri- 

; cyanide of potassium. (H. Rose, Analyt. Okemie.) 

t c. With Ammonia, platinous oxide forms two peculiar salifiable bases; 

; it also combines with potash and soda. 

J By mixing a solution of bichloride of platinum diluted with hot water, 

, ' with a solution of mercurous nitrate made as neutral as possible, Cooper 

I obtained a yellowish-brown precipitate (probably consisting of calomel 

and platinic oxide), which, when gently heated to a temperature short of 
redness, was resolved into volatile calomel and a residue of black oxide 
containing 95*764 platinum and 4 '235 oxygen. The amount of oxygen 
appears, however, to vary with the degree of heat. (Berzelius, Phillips, 
Ann. Phil. 22, 198.) 

When fulminating platinum is boiled dow'n to dryness with strong 
nitric acid, the residue heated nearly to redness, and the remaining oxide 
pulverized, boiled with water and aqueous potash, to free it from the 
obstinately adhering nitric acid, and then dried at the boiling-point of 
mercury, it exhibits a dark steel-grey colour and metallic lustre; contains 
89-37 metal, and 10-63 oxygen; gives off its oxygen at a strong red 
heat; is decomposed, with vivid incandescence, when heated with zinc- 
foil, yielding platinum and oxide of zinc; forms sulphide of platinum and 
sulphurous acid when heated with sulphur; and dissolves only in hot 
hydrochloric acid, not in cold hydrochloric acid, boiling nitric acid, or 
aqueous alkalis. (Edni. Davy, Schw. 31, 353.) Is this a mixture of the 
protoxide and bi-oxide, or is it a peculiar intermediate oxide'? 

11 Blue Oxide. According to Hittorf (Pogg. 74, 316), platinum 
immersed, as the negative pole of a voltaic battery, in fused nitrate of 
potash, forms a blue oxide, a blue liquid at the same time flowing con- 
tinuously from the metal; this blue oxide, however, as it leaves the 
platinum, passes into yellow and green oxide, which remain suspended in 
the nitrate of potash; when the liquid cools, and attracts moisture, the 
oxide changes into the yellow. In nitrate of soda, the oxidation is 
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weaker, and the blue colour lighter and finer ; moreover, the hlue oxide 
then changes only to yellowish brown. 1F 



B. PLATINIC OXIDE. PtO 2 . 

Bioxide of Platinum, Platinoxyd. Formation. Platinum is not 
oxidized by water, sulphuric acid, or nitric acid. It is converted into 
hydrochlorate of platinic oxide when treated with aqua-regia or chlorine- 
water, though the latter acts upon it but slowly; it is likewise oxidated 
by ignition with hydrate of potash, hydrate of lithia, or carbonate of 
lithia, provided the air has access to it and by ignition with nitre. 

Preparation. By gently heating the hydrated oxide. (Berzelius.) 

Properties. Black powder. (Berzelius.) 

Berzelius. Chenevix. Richter. 

Pt 99 .... 86-09 85-93 87 89"3 

2O 16 .... 13-91 14-07 13 10-7 

PtO 2 115 .... 100-00 100-00 100 100-0 

(PtO 2 = 1233-499 + 200 = 1433'499. Berzelius.) 

When heated, it gives off oxygen, and leaves metallic platinum. 

Combinations, a. With Water. HYDRATE OF PLATINIC OXIDE, or 
PLATINIC HYDRATE. 1. From most platinum-salts, alkalis throw down 
basic double salts; but from nitrate of platinic oxide, potash throws down 
at first the -pure hydrate, which may be separated, and afterwards the 
double salt. (Berzelius.) 2. The hydrate may also be obtained by pre- 
cipitating a hot solution of platinic sulphate with carbonate of lirne, 
dissolving out the excess of that substance from the precipitate by means 
of acetic acid, and then washing it for a long time [to remove the gypsum]. 
(Wittstein, Repert. 74, 43.) 3. By dissolving out the soda from platinate 
of soda, with acetic acid. (Dobereiner, Pogg. 28, 181; also Fremy, Compt. 
rend. 31, 893.) The hydrate (1) when recently precipitated, has a rusty 
colour, like that of hydrated ferric oxide; in drying, it shrinks together 
into a yellowish-brown mass. When heated, it gives off water, and turns 
black. (Berzelius.) (2) is an umber-brown powder, which does not 
decompose at 100, but at a stronger heat, is resolved, with explosion and 
scattering of part of the mass in the form of a blackish fume, into aqueous 
vapour, oxygen gas, and platinum. (Wittstein.) 

Wittstein. 

Pt 99 .... 74-44 .... 73*98 

20 16 .... 12-03 ) 2fi . 09 

2HO 18 .... 13-53 J 

Pt0 2 ,2HO .... 133 .... 100-00 .... lOO'OO 

b. With Acids, forming the SALTS OP PLATINIC OXIDE, or PLATINIC 
SALTS. From bichloride of platinum (or hydrochlorate of platinic oxide), 
obtained by dissolving platinum in aqua-regia, then freed by evaporation 
from excess of acid, and again dissolved in a small quantity of water, 
several other platinic salts" may be prepared, by adding a compound of 
potash with another acid ; as long as a precipitate of chloroplatiuate of 
potassium is produced evaporating the decanted liquid and dissolving 
the residue in a small quantity of water, which still leaves behind a 
certain quantity of chloroplatinate of potassium. (Berzeliu.< ; Pogy. I, 42(5.) 
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Platinic salts Lave a yellow or brown colour, redden litmus, and Lave 
an astringent taste. TLey yield metallic platinum wLen ignited, but 
impart no colour to fluxes. From tLeir aqueous solutions, phospLorus 
and most metals precipitate metallic platinum. TLe reduction of platinum 
from the solution of the chloride is much slower than that of gold. It is 
most quickly reduced by zinc, cadmium, iron, cobalt, and copper. The 
platinum coats the metals in the form of a black powder, which gradually 
reunites into laminae; part of it, however, especially when the precipita- 
ting metal is iron or copper, is deposited in the metallic state on the 
neighbouring glass surface. Nickel, mercury, and bismuth reduce it more 
slowly; the precipitate produced by bismuth exhibits the metallic lustre. 
Tin reduces it quickly, but the portion of that metal which dissolves, 
forms with the undecomposed platinum-salt, a brown-red compound, 
which remains in solution. Lead reduces the platinum somewhat quickly 
at first, and the precipitate exhibits the metallic lustre; but after a while, 
the deposit of chloride of lead puts a stop to the action. Silver acts in 
the same manner, but much more slowly. Antimony in the first few 
days merely acquires a grey tarnish, but gradually reduces the whole of 
the platinum. Arsenic becomes covered somewhat quickly with a black 
powder, and darkens the colour of the liquid, but does not effect a com- 
plete reduction, even if immersed in the solution for months. Tellurium 
precipitates the platinum very slowly, in the form of a black powder, 
Palladium produces but a very slight precipitate (Selenium exerts no 
reducing action). (Fischer, Pogg. 9, 256; 30, 607; 12, 505.) Many 
organic compounds reduce platinum from the solution of the chloride, in 
the form of platinum-black. This effect is produced by the alkaline 
formiates, tartrates, and racemates, with the aid of heat, also by alcohol 
and sugar, after the addition of potash or carbonate of soda. The alkaline 
oxalates, citrates, acetates, and benzoates, exert no reducing action. 
(Brandes, Ann. Pkarm. 9, 302.) 

Hydrosulphuric acid produces at first only a brown colouring, but 
after a while, a brown precipitate of sulphide of platinum. The same 
precipitate is produced by hydrosulphate of ammonia, and dissolves in a 
large excess of that reagent. The limit of this reaction is found when 
1 pt. of platinum is dissolved in 30,000 pts. of liquid; the precipitate is 
soluble in hydrochloric acid. (Fischer, Schw. 53, 108,)! part of bichlo- 
ride of platinum dissolved in 100 parts of water to which 25 parts of 
hydrochloric acid are added, is not precipitated by hydrosulphuric acid. 
(Reinsch, J. pr. Ghem. 13. 132.) Free trithionic acid forms a black pre- 
cipitate in platinum-solutions. (Langlois.)~-Hydriodic acid colours them 
red-brown, and after two days, throws down metallic platinum in flakes. 
(Silliman, Sill. Am. J. 6, 326.) -Iodide of potassium colours them deep 
brown-red, throws down a brown precipitate (of iodide of platinum), and 
on the application of heat, produces a metallic deposit on the sides of the 
vessel. (H. Rose.) 1 pt. of platinum, dissolved in the form of chloride in 
10,000 parts of water, produces, on the addition of iodide of potassium, 
first an orange-yellow, then a red colour; with 20,000 parts of liquid, a 
yellow colour is produced in a few minutes, and afterwards a red; with 
40,000, yellowish at first, rose-coloured afterwards; with 80,000, still 
distinctly rose-coloured; with 160,000, rose-coloured after a few minutes; 
with 320,000, a scarcely perceptible rose-colour appears after some time. 
(Lassaigne, J. Chem. med. 8, 585.)! pt. of chloride of platinum in 10,000 
parts of water, produces a brown-red colour with iodide of potassium, 
afterwards a dark-green colour, and finally a black precipitate ; 



5 PLATINUM AND CARBON. 285 

J larger quantity of liquid, a red colour is produced, still distinguishable iu 

3 1,000,000 parts of water, but not beyond. (Walcker, lY. Quart. J. ofSc. 3, 

\ 378.) Protocbloride of tin produces a dark, red-brown colouring, and 

! after a while, a gelatinous precipitate, having the same colour, the liquid 

at the same time becoming colourless. In a dilute solution, protochloride 
of tin produces a yellow colour and yellow precipitate, which dissolves in. 
| hydrochloric acid, producing a brown solution. The limit of the colouring 

I is found with 1 pt. of platinic oxide in 100,000 pts. of liquid; for this 

1 reaction, an acid tin-solution, which keeps the precipitate dissolved, is 

1 more delicate than a neutral solution. (Fischer, Sckw. 53, 108.) 1 pt. of 

I platinum (as chloride) dissolved in 10,000 pts. of liquid, forms with pro- 

tochloride of tin, a reddish-yellow liquid and a precipitate ; in 20,000 pts. 
I of liquid, a paler reddish-yellow colour without a precipitate ; with 

! 40,000, an orange-yellow; with 80,000, yellowish; with 160,000, pale 

| yellow; and with 640,000, a very pale yellow colour. (Lassaigne, 

*\ J. Ckim. med. 8, 585.) Mercurous nitrate produces a deep reddish-yellow 

precipitate with chloride of platinum. Platinum sal-ammoniac dissolved 
in 100,000 parts of water, immediately imparts a yellow colour to the 
mercurous solution, and soon after forms a yellow precipitate ; when the 
quantity of water amounts to 200,000 parts, a distinct yellow colour is still 
produced after a few minutes. (Bottger, Sckw. 68, 292.) When free hydro- 
i chloric acid is present in the solution, ammonia, carbonate of ammonia, 

I and other ammoniacal salts, throw down a lemon-yellow, crystallo-pulve- 

i rulent precipitate of platinum sal-ammoniac, not perceptibly soluble in 

I acids, but soluble in a large quantity of water. In a similar manner, 

1 caustic potash, carbonate of potash, and other potash-salts, precipitate 

; chloroplatinate of potassium, of similar aspect and properties. Carbonate 

} of soda, on the contrary, forms no precipitate at ordinary temperatures, 

I but, on the application 'of heat, a brownish-yellow precipitate of platinate 

| of soda. 

Platinic salts are not precipitated by phosphuretted hydrogen gas 
; (thereby distinguished from palladium), (Bottger) ; by green vitriol (which 

< distinguishes them from silver, gold, and palladium); by phosphate of 

soda, oxalic acid, infusion of galls, ferrocyanide and ferricyanide of 
potossium (excepting that when free hydrochloric acid is present, a small 
quantity of chloroplatinate of potassium may be precipitated)^- or by 
'; cyanide of mercury (which again distinguishes them from palladium). 

1 c. With all Alkalis, forming compounds called Platlnates. 

PLATINUM AND CARBON. 

CARBIDE OF PLATINUM. Platinum may be fused in contact with 
charcoal in the blast-furnace (Chenevix, Descotils, Ann. Chim. 67, 89); 
when thus treated, however, it appears to take up silicium rather than 
; ' carbon (vid. Silicium and Platinum). Platinum vessels ignited over an 

alcohol flame increase very slightly in weight, an effect probably due to 
the formation of carbide of platinum; <?. g. a capsule weighing 3 ounces 
gained 6 grains in 10 years. (Fischer, Kastn. Arch. 14, 148.) When 
platinum is heated to redness over a simple alcohol flame, a black powder 
is deposited where the interior of the flame comes in contact with the 
metal, and this powder, when burned away, leaves a small quantity of 
platinum. 

When chloroplatinite of mesityl (C 5 H 5 0,PtCl) is gradually heated to 
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redness in a retort, and then left to cool out of contact of air, a black 
residue of PtC 2 is obtained, which exhibits no free platinum under the 
magnifying glass, and when heated in the air, burns slowly away, leaving 
metallic platinum. Heated aqua-regia dissolves out the greater part of 
the platinum from it, and leaves 12*29 per cent, of charcoal still con- 
taining platinum. (Zeise, J. pr. Chem. 20, 209.) 

Zeise. 
Pt ................ 99 .... 89-19 ........ 88-878 

2C ............ 12 .... 10-81 ........ 11-122 

PtC 2 ............ Ill .... 100-00 ........ 100-000 



PLATINUM AND BORON. 

Horide of Platinum? Platinum, heated with borax and charcoal, 
fuses into a hard, brittle, somewhat crystalline mass, which, when dis- 
solved in aqua-regia, leaves a residue of boracic acid. (Descotils, Ann. 
Chim. 67, 88.) 

PLATINUM AND PHOSPHORUS. 

PHOSPHIDE OF PLATINUM. a. By fusing platinum with glacial phos- 
phoric acid and charcoal powder, or by throwing pieces of phosphorus on 
red-hot platinum, Pelletier obtained from 100 parts of platinum, 128 parts 
of phosphide of platinum, which was white, very brittle, and very fusible ; 
gave sparks on steel; crystallized in cubes; and when heated in the air, 
parted with its phosphorus by combustion. 

b. Phosphorus heated with spongy platinum in a glass tube exhausted 
of air, combined with it at a heat considerably below redness, producing 
flaine and vivid incandescence., and formed a lead-grey, porous, imperfectly 
fused mass, partly crystallized in cubes, and a non-conductor of electricity. 
It contained 82-5 platinum and 17' 5 phosphorus. When heated in 
chlorine gas, it was converted into terchloride of phosphorus and chloride 
of platinum; and when heated with chlorate of potash, it was partly 
decomposed with incandescence. (E. Davy.) 

c. 3 parts of chloroplatinate of ammonium and 2 parts of phosphorus 
heated to dull redness in a tube closed with mercury, formed an iron- 
black, partly pulverulent, partly loosely coherent mass, having scarcely 
any metallic lustre, of sp. gr. 5-28, and a non-conductor of electricity. It 
contained 70 platinum and 30 phosphorus; was permanent in the air; but 
slightly attacked by mineral acids, even at a boiling heat; decomposed in 
chlorine gas, like 6; detonated with chlorate of potash under the hammer; 
and corroded platinum at a white heat. (E. Davy.) 

PLATINUM AND SULPHUR. 

A. PROTOSULPHIDE OF PLATINUM, or PLATINOUS SULPHIDE. 1. Formed 
by mixing spongy platinum with an equal weight of sulphur, and heating 
the mixture nearly to redness in a glass tube exhausted of air. (E. Davy.) 
2. By igniting chloroplatinate of ammonium with twice its weight of 
sulphur in a closed crucible. (Vauquelin.) 3. By heating the same salt 
with an equal weight of sulphur and ignited carbonate of soda, and after- 
wards dissolving out the sulphide of sodium by water. (Vauquelin,) 
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4. By igniting oxidized sulphide of platinum (p. 289, I) in a platinum 
crucible till it takes fire with a loud hissing noise; closing the crucible 
well, and leaving it to cool ; boiling the residue with aqua-regia, to 
remove any bichloride of platinum that may adhere to it ; and washing and 
drying in vacuo. (Bottger, J. p?\ Ckem. 3, 274.) 5. By decomposing 
protochloride of platinum with an alkaline hydrosulphate. (Berzelius.) 
Prepared by (1): Dull, lead-grey powder, of sp. gr. 6'2; acquires the 
metallic lustre when rubbed upon paper, and is a non-conductor of 
electricity; by (2): shining black powder; by (3): slender, black, shining 
needles ( Vauquelin) ; by (4) : blue-black, sandy to the touch, grates 
between the fingers; sp.gr. S - S47 (Bottger). Heated to redness in a close 
vessel, it undergoes a kind of fusion. (Vauquelin.) 

Bottger. E. Davy. Vauquelin. 

(1) (2) (3) 

Pt 99 .... 86-09 85-51 84 84-5 .... 83'5 

S Ifi .... 13-91 14-49 16 15-5 .... 16'5 

PtS 115 .... 100-00 100-00 100 100-0 .... 100-(T 

Leaves metallic platinum when heated to redness in the air. Decom- 
posed by ignition with zinc-filings or chlorate of potash. When exposed 
to a current of hydrogen gas at a temperature of only 19, it becomes red- 
hot, and is reduced to spongy platinum, with formation of hydrosulphuric 
acid. (Bottger.) Permanent in air and in water; scarcely attacked by 
mineral acids at a boiling heat. (E. Davy.) Not decomposed even by 
boiling aqua-regia or caustic potash. Acts upon alcohol in the air like 
platinum-black, but much less strongly. (Bottger.) 

B. BISULPHIDE OF PLATINUM, or PLATINIC SULPHIDE. 1. Formed 
by mixing 3 parts of chloroplatinate of ammonium with 2 parts of sulphur, 
heating the mixture to low redness over a spirit-lamp in a glass tube 
closed with mercury, and removing the heat soon after the evolution of 
gas has ceased. (E. Davy.) Bottger is of opinion that the compound 
thus prepared is contaminated with free sulphur, in consequence of not 
being heated long enough. 2. By precipitating a platinic salt with 
hydrosulphuric acid or an alkaline hydrosulphate. The compound 
may be formed either by passing hydrosulphuric acid gas through 
aqueous chloroplatinate of sodium, or by dropping aqueous bichloride 
of platinum into an alkaline hydrosulphate (for hydrosulphuric acid 
forms, with aqueous bichloride of platinum, a precipitate which contains 
chloride of platinum, and detonates when heated). The precipitate is 
washed with boiling water and dried in vacuo. (Berzelius.) 3. A 
solution of 1 part of dry bichloride of platinum in 4 parts of absolute 
alcohol is mixed with 5 parts of bisulphide of carbon in a strong wide- 
mouthed bottle (the mixture filling two-thirds of it) ; and the bottle, after 
being tightly closed and shaken, is set aside in a shady place of medium 
temperature, and agitated again after 24 hours, by which time the mixture 
has acquired a black-brown colour. In the course of a week, it solidifies 
in a black gelatinous mass, having an ethereal odour. This mass is twice 
washed with alcohol of 80 per cent., to remove the bisulphide of carbon, 
then rubbed quickly to a pasty consistence, and boiled with a large 
quantity of water in an evaporating basin (stirring constantly), whereupon 
a gas is evolved which burns with a blue flame on the application of a light. 
The mass is then thrown on a filter, and washed with water, till the liquid 
which runs through no longer forms a cloud in a silver-solution ; and the 
filter, with its contents, is quickly freed, by pressure between bibulous 
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paper, from the greater part of the water, and quickly dried in vacuo 
over oil of vitriol at a temperature below 125. (Bottger, J. pr. Cliem. 
3, 267.) 

Prepared by (1), ifc is a dark steel-grey, often coherent powder; on 
paper, it forms a dark metallic streak like native sulphide of antimony; 
it is soft to the touch, of specific gravity about 3'5, a non-conductor of 
electricity, and infusible. (E. Davy.) By (2) : dark brown, black after 
drying. (Berzelius.) ; black and shining. (Fellenberg, Pogg. 50, 70.) 
By (3) : blackish grey powder, with shining points, sandy to the touch, 
and grates between the teeth; its specific gravity is 7*224, and it is a good 
conductor of electricity. (Bottger.) 



Pt 


E. Davy. Vauquelin. Fellenberg. 
(1) (2) (1) . (2) 
99 .... 75-57 .... 72 .... 77 .. . 75-31 .... 74-63 .. 


Bottger. 

(3) 
., 75-11 


2S .. 


.... 32 .... 24-43 .... 28 .... 23 .... 24-69 . 25'37 .. 


.. 24-89 









I PtS 2 131 .... 100-00 .... 100 .... 100 .... 100-00 .... 100-00 .... 100-00 

I The preparation (1) leaves metallic platinum when ignited in contact 

I with air. (E. Davy.) (2) gives off 1 At. sulphur at commencing red- 

I ness, and leaves protosulphide of platinum. (Berzelius.) Decomposition 

I begins between 225 and 250. (Bottger.) The preparation (1) decom- 

,1 poses when fused with chlorate of potash, heated with zinc, or fused with 

f hydrate of potash. (E. Davy.) (3) is likewise decomposed by fusion with 

I hydrate of potash, chlorate of potash, or nitre ; but to decompose it com- 

J pletely, repeated ignition is required. (Bottger,) Chlorine gas decomposes 

I (1) and (2) at an incipient red heat, the products being chloride of sulphur 

and metallic platinum. (Fellenberg.) Potassium, kneaded together with 
(3) at ordinary temperatures decomposes it with intense combustion ; 
sodium does not act till heated. (Bottger.) Among the acids, hot aqua- 
regia alone exerts a slight action upon this compound. (E. Davy.) 
i Fuming nitric acid decomposes and dissolves (3) slowly, but completely; 

so likewise does boiling aqua-regia, and with greater facility. The pre- 
paration (2), exposed in the moist state to the air, produces sulphuric 
acid, which chars the paper on drying. (Berzelius.) According to 
Bottger, a similar effect is exhibited by (3) ; vld. inf. (2) dissolves 
completely in alkaline hyclrosulphates ; caustic alkalis also dissolve it 
with separation of platinum and formation of alkaline hyposulphites. 
(Berzelius.) 

; The preparation (1) is not decomposed by air at ordinary temperatures, 

, by water, or by simple acids. (E. Davy.) The following substances 

exert no decomposing action on (2) : hydrogen gas at ordinary tempera- 

I tures; boiling concentrated hydrochloric or sulphuric acid, or nitric acid 

of specific gravity 1-2; boiling aqueous ammonia, potash, carbonate of 

i soda, and hydrosulphate of ammonia. (Bottger.) 

1 When 1 pt. of platinum ore is heated to incipient whiteness with 

{ 2 parts of carbonate of soda and 3 parts of sulphur, and the fused mass 

j exhausted with water, sulphide of platinum remains in long aurora-red 

needles. (Persoz, Ann. Chim. Phys. 55, 215.) No analysis is given. 

When hydrosulphuric acid gas is passed through sulphide of platinum 
precipitated by (2) the sulphide acquires a red-brown colour by absorbing 
the gas, but gives it up on exposure to the air, and becomes black again. 
(Berzelius.) 

Oxidized Sulphide of Platinum. a. When bisulphide of platinum 
obtained according to (2) by hydrosulphuric acid gas, is exposed io the 



PLATINOUS SULPHATE. 



289 



air while still moist, a large quantity of sulphuric acid is formed in it. 
(Berzelius.) [In tins case, the platinum appears to transfer the oxygen of 
the air to the sulphur, in the same manner as it does to hydrogen, &c.] 
This mass [which must contain a considerable quantity of free platinum] 
exhibits similar actions to other kinds of platinum-black. 5. When 
bisulphide of platinum prepared by (3) is dried, not in vacuo, but exposed 
to the air in a capsule at a temperature between 50" and G2 J , and con- 
stantly stirred, till it is converted into a very fine powder, and afterwards 
heated to 100 3 in a small retort, a velvet-black powder is obtained, dotted 
with a few light points; its specific gravity is about 6*286; it contains 
60'22 per cent, of platinum, has a very sour taste, and yields a large 
quantity of sulphuric acid when treated with water. It takes fire in an 
open crucible at 250, burning with a hissing noise and violet flame, and 
continues to glow, with evolution of sulphurous acid. If a stream of 
hydrogen gas be allowed to act upon it at a temperature above 25, it 
becomes warm, after glowing and decrepitating, gives off sulphuretted 
hydrogen, and leaves spongy platinum. (Bottger.) 

C. Sulphite of Platmous Oxide, or Platmous Sulphite} Platinous 
oxide prepared by method 2 (p. 281), dissolves easily and abundantly 
in aqueous sulphurous acid. The colourless solution, which, if prepared 
out of contact of air, contains neither sulphuric nor hyposulphuric acid, 
leaves, on evaporation, a colourless, gummy salt, which reddens litmus. 
At a red heat, this salt is resolved into oil of vitriol and metallic plati- 
num. It is not decomposed, either by hydrochloric or by sulphuric acid. 
It dissolves easily in water and alcohol. Its aqueous solution, mixed 
with protochloride of tin, acquires a dark brown-red colour, and gives 
off a large quantity of sulphurous acid. From an aqueous solution of 
chloride of gold, it throws down metallic gold, with formation of sulphuric 
acid and bichloride of platinum. The salt forms, with various sulphites, 
colourless double salts, which are permanent in the air and sparingly 
soluble. (Dobereiner, J. pi\ Chem. 15 3 315.) From the quantitative 
determination of the product resulting from the decomposition by chloride 
of gold, Dobereiner assigns to the salt the formula Pt0 2 ,2S0 2 . Should it 
not be PtO.SO 2 ? The latter supposition is corroborated by the want of 
colour in the salt, and by the circumstance that bioxide of platinum is 
reduced to protoxide by sulphurous acid; moreover, the violet preparation 
used by Dobereiner is, according to his former statement (Pogg. 28, 183), 
not bioxide, but protoxide of platinum, as indeed it should be, according 
to its mode of preparation. Platmous oxide [prepared by (1) 2], diffused 
in water through which sulphurous acid gas is passed, dissolves slowly in 
the liquid ; and carbonate of soda added to the greenish-brown solution, 
throws down sulphite of platinous oxide and soda. (Litton & Schneder- 
niann, Ann. Pkarm. 42, 319.) 

D. SULPHATE OF PLATIXOUS OXTDE, or PLATINOUS SULPHATE. 

1. Hydrated platinous oxide, precipitated from its solution in potash by 
sulphuric acid, and washed, dissolves in dilute sulphuric acid after the 
saline liquid has been decanted off, and forms a dark brown solution, 
which assumes a redder tint on dilution with water, and, as the platinous 
oxide takes up more oxygen, gradually becomes clearer. (Berzelius.) 

2. When protochloride of platinum is continuously heated with a lanre 
quantity of oil of vitriol, till the liquid no longer produces any turbidity 
in a silver-solution, and the liquid is subsequently evaporated, a black, 
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un crystallized mass is obtained, which deliquesces in the air, and forms a 
black solution with a small quantity of water, but yellowish-green with 
a larger quantity. This solution becomes darker at first on the addition 
of potash or soda, but loses its colour in a few days, and deposits hydrated 
platinous oxide. (Vauquelin.) The dark brown solution of platinous 
sulphate deposite metallic platinum at a certain degree of concentration* 
(Litton & Schnedermann.) 

E. SULPHATE OF PLATINIC OXIDE, or PLATINIC SULPHATE, When 
pieces of platinum-foil are introduced into a retort in which oil of vitriol 
is rectified, they acquire a crystalline aspect, and colour the residue in 
the retort brownish-yellow, by formation of platinic sulphate. (Fischer, 
Kastn. Arch. 14, 149.) [Did the oil of vitriol contain nitric acid?] Pre- 
paration. 1. By dissolving hydrated platinic oxide in sulphuric acid. 
2. By mixing a solution of bichloride of platinum in a small quantity of 
water, with the proper quantity of sulphuric acid, and evaporating to 
dryness. (Berzelius.) 3. By pouring fuming nitric acid on sulphide of 
platinum precipitated by sulphuretted hydrogen, and evaporating to dry- 
ness, then pouring more fuming nitric acid on the residue, and again 
evaporating to dryuess. (E. Davy.) Black, shining, porous mass, resem- 
bling sugar charcoal ; tastes sour, metallic, and somewhat sharp ; reddens 
litmus slightly. (E. Davy.) 

Berzelius. E. Davy. 

PtO 3 115 .... 58-97 58777 73-7 

2SO 3 80 .... 41-03 41-223 26'3 

Pt0 2 ,2S0 3 195 ~. 100-00 ZZ 100-000 ZZ 100-0 

At a red heat, it gives off oxygen gas, sulphurous acid, and fuming 
oil of vitriol, and leaves metallic platinum. (E. Davy.) Deliquesces 
quickly in the air ; dissolves in water, forming a dark brown solution ; 
also in aqueous phosphoric, hydrochloric, and nitric acid, and in alcohol 
and ether. (E. Davy.) Potash added to the aqueous solution, throws 
down a basic double salt. (Berzelius.) Alkalis do not throw down 
platinic oxide from it. (Liebig, Ann. Pharm. 23, 37.) 

E. SULPHOCARBONATE OF PLATINUM. PtS 2 ,2CS 2 . AqueOUS Sulpho- 

carbonate of calcium forms, with platinic salts, a black-brown precipi- 
tate, which dissolves in excess of the calcium-salt, forming a brownish- 
yellow solution. The precipitate, when dry, is nearly black ; and when 
distilled, gives off, first bisulphide of carbon, and then sulphur, and leaves 
protosulphide of platinum. (Berzelius.) 

PLATINUM AND SELENIUM. 

SELENIDE OF PLATINUM. Selenium heated with spongy platinum, 
unites with it readily, producing vivid combustion, and forms a grey, 
infusible powder, which, when heated before the blowpipe, gives off all its 
selenium in the oxidized state. (Berzelius.) 

PLATINUM AND IODINE, 

A. PROTIODIDE OF PLATINUM, PLATINOUS IODIDE, or IODOPLATINOUS 
ACID. To form this compound, protochloride of platinum, produced by 



heating the bichloride and washed with alcohol, is heated for a quarter of 
an hour with aqueous iodide of potassium, and the resulting black powder 
is washed and dried. No action takes place in the cold. Soft, black 
powder, which sticks to the fingers like lamp-black; it is tasteless, inodo- 
rous, and permanent in the air. (Lassaigne.) 

Lassaigne (mean). 
43-95 



Ft 



99 
126 



44 
56 



56-05 



PtL. 



225 



100 



100-00 



When heated to about the boiling point of mercury, it gives off its 
iodine, and leaves spongy platinum. Potash and soda convert it into 
platinous oxide, part of which separates in the form of a black powder, 
while the rest remains dissolved in the alkali, and in the iodide of potas- 
sium or sodium. When digested with ammonia, it leaves a dark yellow- 
ish-green powder, which consists of platinous oxide, iodide of platinum, 
and ammonia; and when heated gives off water, ammonia, and hydriodate 
of ammonia. A cold aqueous solution of hydriodic acid, of sp. gr. 1*038, 
gradually dissolves biniodide of platinum from it, and leaves metallic 
platinum. A hot aqueous solution of iodide of potassium acts upon it in 
a similar manner, dissolving a certain quantity of biniodide of platinum, 
whereby the liquid acquires a yellow colour, but leaves the greater part 
of the protochloride of platinum undecoinposed. Concentrated sulphuric, 
hydrochloric, and nitric acid, and likewise water and alcohol, have no 
action upon it. (Lassaigne, J. Chim. med. 8, 708; also Ann. Chim. Pkys. 
51, 113.) 

B. Sesqui- iodide of Platinum? A dilute aqueous solution of bi- 
chloride of platinum is mixed in excess with iodide of potassium, and 
the resulting precipitate freed from admixed chloroplatinate of potassium 
by washing with a large quantity of water, and then dried. Black. 
Gives off a large quantity of iodine at 121, and the whole at a tempera- 
ture short of redness. Dissolves in aqua-regia, with separation of iodine. 
Gives up a small quantity of iodine to boiling water. When immersed 
in ammonia, it first turns greenish, then brown, then red; the supernatant 
liquid yields small crystals on evaporation. Dissolves in potash-ley, 
forming a yellow solution, which becomes pale red when neutralized with 
nitric acid, and colourless when supersaturated with it. Dissolves 
readily, with a wine-red colour, in aqueous iodide of potassium, and like- 
wise in hydriodic acid. Cold sulphuric, hydrochloric, and nitric acid, as 
well as water, alcohol, and ether, have no action upon it. (Kane, Phil. 
Mag. J. 2, 197.) [Possibly a mere mixture of protiodide'and bhiiodide 
of platinum, formed from the latter by continued washing with boiling 
water.] 

Kane. 

2Pt 198 34-38 35 

31 378 65-62 65 

Pt-P 576 100-00 100 

C. BINIODIDE OF PLATINUM, PLATINIC IODIDE, or IODOPLATINIC ACID. 
Spongy platinum, heated with dry iodine, combines with it imperfectly; 
when heated with iodine and water, or with hydrochloric acid and nitric 
acid, it remains unaltered. Preparation. 1. The aqueous solutions of 
bichloride of platinum and iodide of potassium form, at ordinary tempe- 
ratures, a deep red, clear mixture, which becomes brown and turbid 
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when heated, and deposits the biniodide, either in flakes or in a crys- 
talline powder, according to the concentration of the mixture ; the deposit 
is washed with boiling water and dried. If the platinum-solution contains 
free hydrochloric acid, vapours of iodine are given off on heating the 
mixture. Black powder, resembling charcoal powder ; sometimes crys- 
talline like pulverized oxide of manganese j inodorous and tasteless. 
(Lassaigne.) 

Lassaigne. 

Pt 99 28-21 28-09 

2J 252 71*79 71'91 

PtI 2 351 100-00 100-00 

When heated above 131, it begins to give off iodine, and ultimately 
leaves metallic platinum. If only part of the iodine be driven off by 
careful heating, there remains, not protiodide of platinum, but a mixture 
of platinum with the biniodide. Chlorine-water dissolves it gradually, 
forming bichloride of platinum, while the iodine is set free ; or, if excess 
of chlorine is present, forms chloride of iodine. The , biniodide is not 
decomposed by cold oil of vitriol; but when heated with it, gives off 
iodine just as when heated alone. Combines with the more basic metallic 
iodides, forming crystallizable iodine-salts. Dissolves in alcohol, forming 
a yellowish-green solution, and undergoing partial decomposition. ( Vide 
Alcohol. Lassaigne, J. Chim. med. 5, 334; 8, 712.) 

D. HYDRIODATE OF PLATINIC IODIDE. Cold dilute hydriodic acid, 
placed in contact with biuiodide of platinum for 24 hours, forms a beau- 
tiful red solution, which, when evaporated in vacuo, or over lime in a 
receiver not exhausted, yields crystals. These crystals are reddish- 
black needles, having a metallic lustre, and united in feathery tufts; they 
are inodorous, and have an astringent, and somewhat acid taste. In a 
dry vacuum, they slowly evolve a small quantity of hydriodic acid; at 
100, a larger quantity, but riot the whole; and, if afterwards more 
strongly heated, they yield hydriodous acid and iodine, while platinum 
remains behind. They become slightly moist on exposure to the air, and 
dissolve very easily in water. The dark wine-red solution diluted with 
a large quantity of water, gradually deposits the biniodide of platinum ; 
in sunshine, the deposition takes place more quickly. Chlorine decom- 
poses the solution, throwing down iodine and iodide of platinum; alkalis 
added to it, immediately form iodine-salts. (Lassaigne.) 

Crystallized. Lassaigue. 

PtI- 351 .... 73-43 73-45 

HI 127 .... 26-57 2655 



PtP,HI .... 478 .... 100-00 100-00 

E. IODATE OF PLATINIC OXIDE, or PLATINIC IODATE. lodic acid 
forms, with bichloride of platinum, a yellow precipitate, somewhat soluble 
in water. (Pleischl.) 



PLATINUM AND BROMINE. 

A. BIBROMIDE^OF PLATINUM, PLATINTC BROMIDE, or BROMOPLATINIC 
ACID. Cold bromine has no action upon platinum (Balard); neither does 
bromine vapour, passed over red-hot platinum wire, exert any action 
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upon it. (Liebig.) The compound is formed bj dissolving platinum in a 
mixture of hydrobromic and nitric acid, and evaporating the solution (at 
70, according to Bonsdorff) to dryness. (Balard.) Brown crystalline 
mass, whose aqueous solution reddens litmus. {Bonsdorff.) Resolved 
into its elements at a red heat. (Balard.) Deliquescent (Rammelsberg)- 
dissolves in water, forming a reddish-yellow solution. With more basic 
metallic bromides, which destroy its power of reddening litmus, it forms 
bromine-salts (Bromoplatinates) of a deep red colour. (Bonsdorff, Pogg. 
19, 343.) 

B. BROMATE OF PLATINIC OXIDE, or PLATINIC BROMATE. When 
aqueous platiuic sulphate is precipitated by bromate of baryta, a 
yellow filtrate is obtained, which, when evaporated over the water-bath, 
soon gives off oxygen gas and bromine vapour, and finally solidifies in 
the form of brown 3 crystalline bibromide of platinum. (Rammelsberg, 
Pogg. 55, 86.) 



PLATINUM AND CHLORIDE. 

A. PROTOCHLORIDE OF PLATINUM, PLATINOUS CHLORIDE, or CIILORO- 
PLATINOUS ACID. 1. Pulverized bichloride of platinum placed in a por- 
celain basin standing in the sand-bath, is heated, with constant stirring, 
to the melting point of tin. (Berzelius.) Yauquelin digests the product 
with water to extract any bichloride of platinum that may remain unde- 
composed. 2. If the heat applied be not sufficient to decompose the 
whole of the bichloride of platinum, 'the residue dissolves completely in 
water, forming a dark brown, nearly opaque liquid, because the proto- 
chloride of platinum is rendered soluble through the medium of the 
bichloride. On evaporating the solution, the protochloride is deposited 
in the form of a brown powder, the quantity bein^ greater, the more the 
liquid is concentrated; and on evaporating to dryness and digesting in 
cold water, the whole of the brown powder remains uudissolved. This 
powder, notwithstanding its different colour, has the same composition as 
the greeDish-gre3 r protochloride of platinum, but dissolves much more 
easily in hydrochloric acid. After the liquid containing the bichloride 
of platinum has been decanted off, the brown powder is no longer soluble 
in water, but dissolves again in the decanted liquid, on the application of 
heat and addition of water. (Magnus, Pogy. 14, 239.) (1.) Greenish- 
grey powder, which, like a fatty substance, is scarcely wetted by water. 
(Berzelius.) (2.) Brown powder. (Magnus.) 

Berzelius. Magnus. Vauquelin. 

(1) (1) (2) (1) 

Pt 99-0 .... 73-06 .... 73-3 .... 73'62 .... 74*03 .... 72-5 

Cl 35-4 .... 26-34 .... 26'7 .... 26'3S .... 25'95 .... 27'5 

PtCl 134-4 .... 100-00 .... 100-0 .... 100-00 .... lOO'OO .... 100 

Decomposed by heat into chlorine gas and platinum. With aqueous 
potash, it yields hydrated platinous oxide and chloride of potassium; con- 
verted bv boiling aqna-regia and also by hydrochloric acid, if the air has 
access to it, into aqueous bichloride of platinum. Not affected by nitric 
acid, sulphuric acid, or water. (Berzelius.) 

B. HYDROCULOKATE OF PLATIXOUS CHLOUIDE, or Acm HYDKOCIILQ- 
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RATE OF PLATINOUS OXIDE. Formed by dissolving protocliloride of 
platinum in strong boiling hydrochloric acid, out of contact with the air. 
(Berzelius, Vauquelin.) The brown protochloride dissolves much more 
readily than the grey. (Magnus.) The purple-red solution, when eva- 
porated, leaves the brown protochloride, insoluble in water. Soda throws 
down from it the black hydrated protoxide. (Vauquelin.) 

C. BICHLORIDE OF PLATINUM, PLATINIC CHLORIDE, or CHLOROPLA- 
TINIC ACID. Anhydrous liquid chlorine has no action on platinum wire. 
(Kemp.) Chlorine-water slowly dissolves platinum. 

Preparation. 1. By dissolving platinum in concentrated aqua-regia, 
and evaporating the solution to dryness over the water-bath. To dissolve 
the platinum, the presence of nitrous acid is required. A mixture of pure 
nitric acid (free, i.e. from nitrons acid) and chlorate of potash, has no action 
on spongy platinum, even at 125. Neither is the spongy platinum 
attacked by a cold mixture of hydrochloric and pure nitric acid suffi- 
ciently diluted; but on the addition of nitrite of potash, chloroplatinate'of 
potassium is very slowly produced. (Millon, Com.pt. rend. 14, 906.) 
2. By passing chlorine gas through warm water in which chloroplatinate 
of ammonium is diffused, till the whole of the ammonia is decomposed, 
and evaporating. (Vauquelin.) In this process, the dangerous chloride 
of nitrogen is very likely to be formed. 

Dark red-brown mass; its aqueous solution reddens litmus, has a very 
astringent taste, and colours the skin brownish black. 

Berzelius. Vauquelin. 

Pt 99-0 .... 58-30 58-01 47 

2C1 70-8 .... 41-70 41-99 53 

PtCl 2 169-8 .... 100-00 100-00 100 

Berzelius' s numbers are calculated from his analysis of chloroplatinate cf potas- 
sium. Vauquelin suspects that his chloride of platinum was not quite freed from acid 
and water. 

Gives off chlorine wLen heated, being first reduced to protochloride of 
platinum, and then to the metallic state. (Berzelius.) Platinum retains 
chlorine much more tenaciously than gold; hence if a mixture of the 
chlorides of the two metals be carefully heated, the undecomposed 
chloride of platinum may be extracted by water, while metallic gold 
remains behind. (Gm.) Sulphurous acid gas passed through the aqueous 
solution of bichloride of platinum, decolorizes it by converting the bichlo- 
ride of platinum into protochloride; the same effect is produced by 
alkaline sulphites. A solution of the bichloride through which sulphur- 
ous acid gas has been passed for 8 hours, exhibits a dark brown colour, 
and forms with ammonia the green precipitate (NH 3 ,PtCl) discovered by 
Magnus; but after boiling or standing for some time, it loses its colour, 
and then no longer gives a precipitate with ammonia. (Liebig, Ann. 
Pharm. 23, 23.) The solution decolorized by sulphite of ammonia or 
sulphite of potash is not precipitated by ammoniaoal salts or by boiling 
with potash. When exposed to the air, it recovers its yellow colour. 
(Liebig, Fogg. 17, 1 08.) The application of heat to the platinum-solution 
^saturated with sulphurous acid, accelerates the decoloration; the sulphites 
J&ffiPW )I " a an(1 P tas]l act in the same manner as free sulphurous acid, 
but art-excess of them produces a white granular precipitate. (Berthier 
N Aim. Cliim Pliys. 7, 82.) A solution of bichloride of platinum in 
-& s 5Bu its P ver ^ precipitating potash-salts, being 
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converted into the inflammable chloride of platinum discovered by Zeise. 
According to Gehlen (A. Gehl. 3, 571), the ethereal solution, when ex- 
posed to light, becomes pale yellow and deposits platinum. The aqueous 
solution is not precipitated in the dark, either by excess of carbonate of 
soda or by lime ; but on exposure to light, compounds of platinic oxide 
with soda or lime are deposited, (vid. inf.) For the other reactions, Tid. 
Platinic Salts (pp. 283285). 

Hydrated Bichloride of Platinum. The aqueous solution concentrated 
by evaporation solidifies, on cooling, in brown-red needles, radiating from 
the centre of the vessel; they contain 36*91 p. c. of platinum, and are 
therefore composed of PtCP,10Aq. (Mather, Sill. Amer. J. 27, 262.) 

Aqueous Bichloride of Platinum, or HydroMor ate of Platinic Oxide. 
This is the ordinary solution of platinum. Bichloride of platinum dis- 
solves in water with evolution of neat. The solution in the pure state is 
brownish yellow. The browner colour which it generally exhibits pro- 
ceeds from iridium. A dark brown tint is also given to it by the presence 
of protochloride of platinum, e.g., when the platinum-solution is heated, 
after evaporation, till it begins to give off chlorine, and the residue is 
redissolved in water. (Berzelius.) 

D. OhloroBulphide of Platinum ? From a solution of platinum in 
aqua-regia, sulphuretted hydrogen throws down a mixture of sulphide and 
chloride of platinum, which detonates in particular parts when heated. 
(Berzelius, Lekrb.) 

E. Chlonodide of Platinum ? When a solution of bichloride of plati- 
num is mixed with excess of hydriodic acid and evaporated to dryness 
(hydrochloric acid then escaping) and the residue heated to 149 3 , (whereby 
the excess of hydriodic acid is driven off, together with chloride of iodine,) 
a mixture of bichloride and biniodide of platinum is left, in the form of a 
black powder. An analysis gave: 32*50 per cent, of platinum, 59*61 
iodine, 7*03 chlorine (loss 0*86). Between 205 and 31 5~, the mixture 
gives off brownish-yellow vapours of chloride of iodine and violet vapours 
of iodine, and leaves spongy platinum. It dissolves in aqueous potash, 
forming a red solution, from which it is precipitated unchanged on the 
addition of sulphuric acid. It is insoluble in water, slightly soluble in 
alcohol. (Mather, Sill. Am. J. 27, 257.) 

F. Nitric Oxide with Bichloride of Platinum? A solution of platinum 
in aqua-regia is evaporated, with frequent addition of aqua-regia, till half 
of the liquid crystallizes on cooling; the crystals are then collected on a 
filter, and pressed between bibulous paper. Small orange-yellow crystals. 
They give off no water at 100. They deliquesce rapidly in the air. 
When water is poured upon them, a solution of bichloride of platinum is 
formed, and nitric oxide escapes with brisk effervescence. (Rogers & Boye, 
Phil. Mag. J. 17, 397; also J. pr. Chem. 26, 150.) 

Rogers & Boye. 

Pt 41-26 

Cl 43-89 

NO* 4-89 

HO and loss 9'96 

" ' 100-00 
No formula can be deduced from this analysis. 



The author likewise obtained this compound ^ by digesting spongy 
platinum with aqua-regia for several days, in a basin covered with glass 
and placed over the water-bath, and afterwards leaving it to cool. At 
the bottom of the brown mother-liquid there were found, "together with 
undissolved spoogy platinum, yellow granular crystals, which, when 
covered with water in a vessel containing air, evolved red fumes, but in a 
vessel filled with carbonic acid, gave off colourless nitric oxide. 

PLATINUM AND FLUORINE. 

BlFLUORIDE OF PLATINUM, and HYDROFLUATE OF PLATINIC OxiDE. 

A solution of fluoride of potassium is dropped into an aqueous solution of 
bichloride of platinum not containing excess of acid, as long as a precipi- 
tate of chloroplatinate of potassium continues to form. The liquid is then 
filtered and evaporated; the fluoride of platinum dissolved out by alcohol, 
which still leaves behind a small quantity of chloroplatinate of potassium; 
and the alcoholic liquid mixed with water, and again evaporated. If 
only a slight degree of heat be applied, there remains a non-crystalline, 
yellow, transparent mass, which redissolves completely in water ; at 60, 
on the other hand, the mass becomes dark brown, and when dissolved in 
water leaves a brown basic salt. Bifluoride of platinum combines with 
the fluorides of the alkali-metals, forming fluorine-salts. (Berzelius.) 

PLATINUM AND NITROGEN. 

A. NITRATE OF PLATINOUS OXIDE, or PLATINOUS NITRATE. 
Hydrated platinous oxide dissolves in dilute nitric acid, forming a 
greenish-brown solution, which appears almost black when evaporated to 
dryness; the solution, however, contains a large quantity of platinic 
oxide, which is gradually produced in greater abundance, the more the 
acid is in excess. (Berzelius,) 

B. NITRATE OF PLATINIC OXIDE, or PLATINIC NITRATE. 1. By 
dissolving hydrated platinic oxide in nitric acid. 2. By decomposing 
platinic sulphate with an exactly equivalent quantity of nitrate of baryta, 
and filtering. 3. By adding nitre to aqueous bichloride of platinum, as 
long as chloroplatinate of potassium is deposited : 

SPtCl 2 + 2(KO,NO 5 ) = 2(KCl,PtCl 2 ) + PtO 2 , 2NO 5 . 

According to this equation, -J- of the platinum remains dissolved in the 
form of nitrate. The decanted dark brown liquid yields on evaporation 
a mass of the consistence of honey, which, after evaporation at a strong 
heat, dissolves but partially in water, leaving a basic salt. (Berzelius.) 

C. AMMONIO-PROTOXIDE OF PLATINUM, or PLATINITE OF AMMONIA. 
a. With 2 At. 4wm<miflf. 2NH 8 ,PtO,HO. After the discovery of 
ammonio-protochloride of platinum (p. 300) by Magnus, a series of 
salts was discovered by Gros, which may be supposed to contain 
the base, 2NH 3 ,PtC10 (Platinum-basis of Gros); and two other series 
of salts by Heiset, the one containing the base, 2NH 3 ,PtO (Reisers 
first Platinum-basis) ; and the second, NH 3 ,PtO (Reisers second plat-mum- 
basis). Other formulae may likewise be given for these bases ; thus 
Berzelius gives for GrosYbase, NH a ,PtCl -f NH 4 ; and for Reiset's first 






base, NH 2 Pt-f-NH 4 0. [For Gephardt's theory of these compounds, see 
p. 313, et seq.] 

This compound is obtained by precipitating the solution of the sul- 
phate (2NH 3 ,PtO, SO 3 ) with the proper quantity of baryta-water, evapo- 
rating the filtrate out of contact of air, and finally in vacuo over oil of 
vitriol, till it solidifies in a mass consisting of white needles and becoming 
opaque when perfectly dry. The crystalline mass thus dried contains 
1 At. water, and is composed of 2NH 3 ,PtO,HO. According to Berzelius, 
it is NH 3 3 PtO-f-NH 4 0. Its taste is very alkaline and caustic, like that 
of potash, and its solution absorbs carbonic acid greedily from the air, 
and decomposes starch-sugar just like a solution of potash. (Reiset.) 
From a solution of nitrate of silver, it throws down silver-oxide, just 
as potash does. (Peyrone.) The crystalline mass fuses at 110, gives off 
1 At. ammonia and 1 At. water with strong intumescence, and leaves 
NH 3 ,PtO. (Reiset.) It deliquesces in the air, and its aqueous solution does 
not give off ammonia, even when boiled. (Reiset.) With 1 At. of the 
different oxygen acids, it forms a series of perfectly neutral salts, from 
which it is separated again in its original state, by stronger bases. The 
solutions of these salts deposit metallic platinum after long standing, but 
without the formation of an ammoniacal salt ; it is therefore probable that 
similar salts exist, containing the bioxide instead of the protoxide of 
platinum. (Reiset.) Slightly soluble in alcohol. (Peyrone.) 

b. With 1 At. Ammonia. NH 3 ,PtO. Remains in the form of a 
greyish mass when the compound a is heated above 110. When heated 
in a retort above 200, it is quietly resolved into nitrogen gas 5 ammonia, 
water and platinum. Probably Pt 3 N is first produced, and is afterwards 
resolved into nitrogen gas and platinum : 

3(NH 3 , PtO) = Pt?N -i- 3HO + 2NH 3 . 

But if it be heated to 200 at one point with access of air^ it becomes red- 
hot, the glow spreading from that point, and makes a hissing noise. In 
this case, the spongy platinum induces the combination of the hydrogen in 
the ammonia with the oxygen of the air, just as it acts upon hydrogen 
gas mixed with air. This base is insoluble in water and ammonia, and 
combines with acids, forming detonating salts which are insoluble in 
water. (Reiset.) 

D. AMMCXNIO-BINOXIDE OF PLATINUM, or PLATINATE OF AMMONIA. 
a. Fulminating Platinum. 1. Formed by decomposing chloroplatinate 
of ammonium with aqueous potash. The precipitate requires a higher 
temperature to explode it than fulminating gold or silver, and does not 
detonate so violently. (Proust, N. GehL 1, 348.) According to Dobereiner 
(Gilb. 72, 194), the straw-coloured precipitate contains 3 At. platinic 
oxide with 1 At. ammonia, and detonates slightly when rapidly heated, but 
strongly when subjected to a gradual heat. 

2. By dissolving platinum sal-ammoniac iu a very large excess of 
aqueous potash, and precipitating the fulminating platinum from the 
filtrate by neutralizing with hydrochloric acid. It detonates slightly 
when suddenly heated, strongly when exposed to a gradual heat. (Fourcroy 
& Vauqueliii, N. GehL 1, 348.) 

3. By precipitating aqueous platinic sulphate with ammonia, boiling 
the precipitate with potash-ley, and then washing and drying. Brown 
powder, permanent in the air. Contains 73 '75 per cent, of platinum 
combined with 8*75 of oxygen, 9 '00 of ammonia and 8 '30 of water. 



Does not explode by friction, percussion, or the electric spark, but deto- 
nates violently when heated to 205. It is converted by chlorine-water 
into sal-ammoniac and aqueous bichloride of platinum; yields when 
heated with nitric acid, the peculiar oxide of platinum described on 
p. 282 ; dissolves in sulphuric acid without evolution of gas, and forms 
a dark brown solution; and is not sensibly attacked by hydrochloric 
acid. (E. Davy, ScHiw. 19, 91.) 

I. NH 3 } Pt0 2 + 2Aq. Gerhardt's Platinamine = NHpt 2 + 2Aq. (p. 314). 



E. AMMONIO-CARBONATE OF PLATINOUS OXIDE. The compound 
2NH 3 ,PtO dissolved in water, is converted, on exposure to the air, first 
into 2NH 3 : PtO,C0 2 ,HO, and afterwards into 2NH 3 ,PtO,2C0 2 ,HO. 
(Reiset.) The former compound is likewise produced in the decomposition 
of 2NH 3 ,PtCl by aqueous monocarbonate of potash. (Peyroue.) 

F. SULPHOPLATINATE OP AMMONIUM. Sulphide of platinum precipi- 
tated by sulphuretted hydrogen, dissolves in hydrosulphate of ammonia, 
forming a red-brown solution, from which it is precipitated by acids with 
the same colour. (Berzelius.) 

G. SULPHITE OP PLATINOUS OXIDE AND AMMONIA. NH 4 0,S0 2 + 
PtO,S0 2 . Falls down as a white, crystalline precipitate, when a solution 
of bichloride of platinum, decolorized by sulphurous acid gas, is neutralized 
with ammonia and mixed with absolute alcohol. The salt purified by wash- 
ing with alcohol dissolves easily in water, forming a colourless liquid, which 
gives with nitrate of silver a peculiar precipitate, different from chloride 
of silver, and is not precipitated by potash. It likewise gives no pre- 
cipitate with alkaline hydrosulphates ; but on the subsequent addition of 
hydrochloric acid, a yellow precipitate is formed, which, when the mixture 
is heated, first turns brown, and afterwards black. (Lie-big, Pogg. 17, 108, 
and Ann. Pharm. 23, 23; Bockmann, Liebig, Traite de Chim. Org. 
Paris, 1840,102.) 

When sulphurous acid gas is passed through an aqueous solution of 
"bichloride of platinum, till the latter no longer gives a precipitate with 
sal-ammoniac, the liquid left to itself for a few days in a stoppered bottle, 
and ammonia afterwards added, at least three compounds are formed, con- 
sisting of sulphurous acid, platinous oxide, and ammonia: a. Nearly 
insoluble in water; hydrochloric acid converts it, with evolution of 
sulphurous acid, into a chlorine-compound consisting of shining lemon- 
yellow, or orange-yellow crystals. b. More easily soluble ; solidifies on 
cooling in transparent and colourless needles ; behaves with hydrochloric 
acid like a. c. Very easily soluble ; does not crystallize on evaporation, 
but separates in the form of a white powder ; when treated with hydro- 
chloric acid, it yields a yellow powder, similar to the yellow body, 
NH 3 ,PtCl (p. 302). (Peyrone.) 

H. AMMONIO-SULPHATE OP PLATINOUS OXIDE. a. With 2 At. 
Ammonia. 2NH 3 ,PtO,S0 3 . a. Yellow. I. Eeiset's soluble compound 
(2NH s ,PtCl,HO) is decomposed by sulphate of silver-oxide, and the 
filtrate evaporated to the crystallizing point. (Reiset.) 2. The same 
chlorine-compound is decomposed by moderately strong sulphuric acid, 
the action being attended with evolution of hydrochloric acid. (Peyrone.) 
Crystallizes with facility, and is neutral to vegetable colours. (Reiset.) 
Always forms yellow, transparent, square-based octohedrons. (Peyrone.) 
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ft. Colourless. Formed by decomposing Peyrone's transparent and 
colourless crystalline compound 2NH 3 , PtCl (p. SCO) with moderately 
strong sulphuric acid. Each drop of the acid added to the solution of the 
chlorine-compound throws down white pearly scales of an acid salt, 
which, however, when dissolved in warm water and subsequently cooled, 
yields crystals of the mono-acid salt, while the excess of sulphuric acid 
remains with the water. Transparent and colourless square-based octo- 
hedrons, which have no action on vegetable colours. Slightly soluble in 
cold water; dissolves in 50 or 60 parts of boiling water. Insoluble in 
alcohol of ordinary strength. The solution of the salt in dilute sulphuric 
acid yields scales of the acid salt when evaporated; but on further evapo- 
ration, it deposits blood-red needles, which are quickly transformed into 
the red scales; when the solution is still further evaporated, a black mass 
is formed, and on dissolving this mass in water, metallic platinum remains 
behind. (Peyrone.) 

Crystallized, dried at 100. Peyrone. 

a. Yellow. B. Colourless. 
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I>. With 1 At. Ammonia. NH 3 ,PtO,S0 3 -f HO. Formed by boiling 
the iodine-compound (NH 3 ,PtI) with aqueous silver-sulphite, the ebullition 
being continued for a long time, because the decomposition takes place 
but slowly. The salt reddens litmus strongly. The 1 At. water which 
it contains cannot be separated. By solution in ammonia, it is converted 
into the salt a, a, just considered, (Reiset.) 

I. AMMONIO-SULPHATE OF PLATINIC OXIDE. Basic. On neutralizing 
platinic sulphate with ammonia, and boiling for a few minutes, the liquid 
becomes colourless, and a pale brown, tasteless powder is precipitated, 
which is permanent in the air, detonates slightly when heated, is decom- 
posed by a boiling solution of potash, and dissolves in hot hydrochloric or 
sulphuric acid, but not in water. (E. Davy.) 

K. AMMONIO-PROTIODIDE OP PLATINUM. a. With 2 At. Ammonia. 
2NH 3 , PtI. Formed by decomposing the aqueous sulphate H.a,a 
(2NH 3 , PtO,S0 3 ), with iodide of barium, and evaporating the filtrate. 
Cubes. The aqueous solution, when boiled, gives off 1 At. ammonia, and 
deposits the following compound. (Reiset.) 

b. With I At. Ammonia. NH 3 ,PtI. Precipitated on boiling the 
aqueous solution of the compound a. Yellow powder, which dissolves in 
ammonia, and is thereby reconverted into the compound a. (Reiset.) 

L. IODOPLATINATE OF AMMONIUM. The solution of biniodide of 
platinum in hydriodate of ammonia, obtained by digestion at a gentle 
heat, yields, on evaporation, small, metallic-looking, blackish, square 
tables, which are anhydrous and permanent in the air. "When heated, 
they give off nitrogen, ammonia, iodine, and hydriodate of ammonia, and 
leave 23 per cent, of platinum. They dissolve sparingly in water, 
forming a red solution, but are insoluble in alcohol. (Lassaigne, /. Ckim. 



I mid. 8, 715.) Kane (Phil. Mag. J. 2, 198), by mixing a solution of 

1 biniodide of platinum in aqueous hydriodic acid with ammonia, obtained a 

< ; black precipitate, which in a few minutes became brown, and afterwards 

of a fine red colour; it was found to contain 1 44 pts. (1 At.) of hydriodate 
of ammonia and 1,425 pts. (5 At.) of sesqui-iodide of platinum. 

Crystallized. Lassaignfe. 

NH 4 1 144 ;... 17-02 ........ 17-01 

2Pt 198 ;.;. 23-40 ..:.....- 23-00 

41 504 .... 59-58 59*99 

NH 4 I,2PtI 2 846 .... 100-00 IT^I 100 '00 

M. AMMONIO-PROTOBROMIDE OF PLATINUM, 2NH 3 ,PtBr. Prepared 
by means of bromide of barium, just as the iodoplatinate is obtained with 
iodide of barium. It likewise crystallizes in cubes, but its aqueous 
solution is not decomposed by boiling. (Reiset.) 

N. AMMONIO-PROTOCHLORIDE OP PLATINUM. a. With 2 At. Am- 
monia. NH 3 , PtCl. [Hydrochlorate of Diplatosamine = N 2 H 5 Pt, HCL] 
Protochloride of platinum is immersed in aqueous ammonia, and boiled 
with it, the liquid being frequently renewed, till the green compound of 
Magnus, which is formed at first, with evolution of heat, is dissolved, 
after which the solution is evaporated to the crystallizing point. The 
green salt of Magnus may likewise be treated in a similar manner. 
(Reiset.) The solution obtained by boiling Magnus's green compound 
with ammonia is evaporated to dryness, the residue dissolved in cold 
water, the yellow solution gently evaporated, then cooled to the 
crystallizing point, and the product purified by recrystallization. Car- 
bonate of ammonia cannot be used in the preparation ; it is true that 
Magnus's green compound dissolves in it as readily as in caustic 
ammonia; but the crystals thus obtained are contaminated with a powder 
which effervesces with acids, and is very difficult to separate. (Peyrone.) 
2. Sulphurous acid gas is passed through aqueous bichloride of platinum 
till the liquid is completely decolorized ; sulphite of platinous oxide 
and soda precipitated from it by the addition of carbonate of soda; 
the precipitate dissolved in hydrochloric acid; and the resulting solution 
of chloride of sodium and protochloride of platinum saturated in the cold 
with a very large quantity of ammonia. The mixture of 2NH 3 ,PtCl and 
NH 3 ,PtCl, thereby precipitated, is dissolved in boiling hydrochloric acid. 
The filtrate, on cooling, deposits NH 3 ,PtCl, while 2NH 3 ,PtCl remains in 
solution. The latter separates out on evaporation, mixed however with 
sal-ammoniac; hence it is better to precipitate it from the solution by 
alcohol, wash with alcohol, dissolve in water, and leave the compound to 
separate from the solution by evaporation and cooling. Even when the 
-crystals appear perfectly transparent and colourless, they may still be con- 
taminated with NH 3 ? PtCl. To purify them from the latter, their solution 
in cold water is evaporated over the water-bath till needles begin to form, 
and increase considerably as the liquid cools ; the mother-liquor is then 
poured off, and the needles pressed between bibulous paper, and dried at 
100. (Peyrone.) 

Prepared by (1) it forms beautiful needles. (Reiset.) Transparent, 
straw-yellow, four-sided needles. (Peyrone.) By (2): transparent, colour- 
less, brittle, four-sided needles, without action on vegetable colours, and 
having a pure saline taste. (Peyrone.) 
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Reiset (Oompt. rend. 10, 870) assigns the same composition to this 
substance; but more recently (Compt. rend. 18, 1103) he supposes it to 
contain 1 At. water, making the formula, 2NH 3 ,PtCl + HO. 

Peyrone supposes that the compound prepared by his process (2) is 
different from that of Reiset, notwithstanding the similarity of con- 
stitution and general resemblance in other respects, inasmuch as (1) is 
yellow, and forms yellow salts with oxygen-acids (of which colour, how- 
ever, Reiset says nothing), whereas (2) is colourless, and forms colourless 
salts ; and moreover (1) is somewhat less soluble in water and alcohol. 

When the crystallized compound obtained by (1) is heated in a tube, 
it gives off 1 At. ammonia, at about 250, and leaves the yellow compound 
NH 3 ,PtCl; at a higher temperature, it emits dense fumes of sal-ammoniac^ 
and ultimately of hydrochloric acid, while metallic platinum remains 
behind. (Reiset.) The evolution of ammonia from the compound (2) 
begins at 220, and becomes more energetic at 240". If the heat be dis- 
continued, when the evolution of ammonia ceases, and the residue be 
dissolved in boiling water, the solution yields, on cooling, yellow, trans- 
lucent crystals of NH 3 ,PtCl. (Peyrone.) The compound (1) heated with 
caustic potash gives off no ammonia till heated to the boiling point. 
(Reiset.) (2) is decomposed by carbonate of potash, slowly in the cold, 
instantly at temperatures between 40 3 and 50 3 , yielding chloride of 
potassium and ammonio-carbonate of platinous oxide. (Peyrone.) 

2NH 3 , PtCl 4- KO, C0 2 =2KH 3 , PtO, CO 2 -f KCL 

Potassium-amalgam forms with the pulverized crystals (2), chloride of 
potassium, and a black powder containing mercury, platinum, and a large 
quantity of ammonia. (Peyrone.) 

2NH 3 , PtCl -r Hg >l "K = 2NH S , PtHg" -f KCL 

The crystals (2) evaporated to dryness with excess of hydrochloric acid, 
leave a mixture of sal-ammoniac and yellow NH 3 ,PtCl. (Peyrone.) The 
crystals (1) dissolve in gently heated nitric acid, with evolution of nitrous 

fis, forming a liquid, from which the nitric acid salt of Gros (2XH 3 , 
tC10,]Si0 5 j separates out. (Reiset.) According to Peyrone, on the other 
hand, the crystals (2), when treated with sulphuric, nitric, or oxalic 
acid, give off the whole of their chlorine in the form of hydrochloric acid, 
and are converted into salts whose base consists of 2NH 3 5 PtO; e. y. : 

2NH 3 ,PtCl-rHO,S0 3 = 2NH 3 ,PtO,SO 3 -f HC1. 

Chlorine gas passed through the solution, converts the crystals (1) into 
the chlorine-compound of Gros (2NH 3 ,PtCP). (Reiset.) Silver-salts are 
decomposed by contact with it, yielding chloride of silver and salts having 
2NH <1 ,PtO for their base. (Reiset.) The aqueous solution of (2) is imme- 
diately converted, by contact with protochloride of platinum, into the 
green compound of Magnus. (Peyrone.) 

2NH 3 ,PtCl + PtCl = 2(NH 3 ,PtCl). 



The crystals (1) dissolve readily in water and in aqueous ammonia, and 
are precipitated from the solutions by alcohol. (Reiset.) The crystals (2) 
are slightly soluble in alcohol of ordinary strength, insoluble in absolute 
alcohol. (Peyrone.) The solution of the compound (1) mixed with less 
than the equivalent quantity of aqueous bichloride of platinum, yields a 
copious olive-green precipitate = 2(2NH 3 ,PtCl) + JPtCl 2 . If, on the 
contrary, the solution of bichloride of platinum is in excess, a pale-red 
crystalline powder is precipitated, = 2NH 3 ,PtCl + PtCP. (Reiset.) 

6. With I At. Ammonia. NH 3 ,PtCl.- [Hydrochlorate of Hatosa- 
mine = NH 3 ,Pt,HCL] a. Yellow. 1. This compound is obtained by 
proceeding as in the second mode of preparing the preceding compound a 
(p. 300) / From the solution in boiling hydrochloric acid of the precipi- 
tate obtained by ammonia, the compound 1) separates on cooling, first as 
a yellow powder, afterwards in small yellow crystals, while the com- 
pound a remains in solution. The precipitate, after washing with water, 
is purified by dissolving it twice in hot hydrochloric acid. (Peyrone.) 
2. Bichloride of platinum is heated to 250, to convert it into protochlo- 
ride; the latter dissolved in hydrochloric acid; the solution neutralized 
with carbonate of ammonia, and the mixture heated to the boiling-point, 
with further addition of ammonia equal in quantity to that already 
introduced, whereupon the garnet colour of the liquid gradually changes 
to straw-yellow, and a dingy green substance is deposited after a while. 
If the liquid be filtered just at this moment, the filtrate, on further 
cooling, will deposit the yellow crystalline substance; the remaining 
liquid must then be quickly decanted, otherwise the yellow substance 
will redissolve in the carbonate of ammonia therein contained. To free 
the yellow body from two dingy green substances with which it is mixed, 
it is digested in boiling water, and filtered; one green substance is then 
left on the filter, while the other remains dissolved in the water, from 
which the pure yellow substance then separates out. (Peyrone.) 3. The 
pulverized compound a (2NH 3 ,PtCl) is heated in a basin on the sand- 
bath to a temperature between 220 and 270, constantly stirred, as long 
as ammonia continues to go off, and removed from the fire as soon as 
fumes of sal-ammoniac make their appearance. (Peyrone, Reiset.) 
4. The compound a is mixed with a large excess of hydrochloric acid and 
evaporated to dryness, the resulting sal-ammoniac being dissolved out bv 
water. (Peyrone.) 5. The solution of NH 3 ,PtO,S0 3 , or of NH 3 ,PtO,NO*, 
mixed with hydrochloric acid or a dissolved metallic chloride, deposits a 
crystalline powder in a few seconds. (Reiset.) 6. When Magnus's green 
compound is boiled for some time with a concentrated solution of sulphate 
or nitrate of ammonia, it dissolves, and separates out again, as the solu- 
tion cools, not in its original state, but converted into yellow scales. 
(Reiset.) ^T 7. The yellow modification may also be obtained in quantity 
by adding solution of potash in small successive portions to a solution of 
protochloride of platinum neutralized with carbonate of ammonia, and 
kept at a temperature of 13. (Peyrone.) IT 

Yellow powder (when prepared by (2) it has a tinge of orange- 
yellow), or small yellow crystals. (Peyrone,) Beautiful yellow crystal- 
line powder, or crystalline scales. (Reiset.) 

Peyrone. 

N 14-0 .... 9-25 9*00 

3H 3-0 .... 1-98 2*18 

Pt 99-0 .... 65-39 65*06 

Cl 35-4 .... 23-38 23*32 

NH 3 ,PtCl , 151*4 100-00 ~ 99'56 



Decomposes at about 270, with evolution of sal-ammoniac vapours 
and hydrochloric acid, and finally leaves metallic platinum : 
3(NH 3 ,PtCl) = 3Pt + 2(NH 4 C1) + HCI + N. 

Cold oil of vitriol has no action on the yellow body; hot oil of vitriol 
liberates hydrochloric and sulphurous acid, and leaves a yellowish-brown 
substance which is decomposed by boiling water. Nitric acid converts 
the yellow body, without separation of platinum, into the two following 
substances: (a). Small, transparent, lemon-yellow, regular octohedrons, 
containing 51*37 per cent, of platinum, easily soluble in water, somewhat 
less soluble in alcohol. (/3). Syrupy, non-crystallizin<r, easily soluble in 
water and alcohol ; forms crystallizable compounds with sesquichloride of 
iron, protochloride of mercury, and bichloride of platinum. The yellow 
body is decomposed by silver-salts, with formation of chloride of silver. 
It dissolves completely in carbonate of ammonia, forming the compound 
2NH 3 ,PtCl, which, however, when thus produced, differs greatly in its 
physical properties from Reiset's compound. (Peyrone.) It dissolves in 
aqueous ammonia, forming the crystalline compound 2NH 3 3 PtGL (Reiset.) 
It dissolves in aqueous carbonate of potash, and sparingly, but without 
alteration, in water, hydrochloric acid, and dilute sulphuric acid. (Pey- 
rone.) Slightly soluble in boiling water. (Reiset.) 

T ft. Red Modification. 1 . "\Yhen carbonate of ammonia, instead of 
being at once added in excess to a neutral solution of protochloride of 
platinum heated to 100 (as in a, 2), was added drop by drop to a solution 
of that salt in a state of rapid ebullition, no change of colour took place, 
a sign that the yellow salt was not produced; but the solution, when left 
to cool slowly, deposited small, very beautiful, garnet-coloured crystals, 
in the form of six-sided tables. The crystals were insoluble in cold 
water, and were decomposed by boiling water, the whole of the platinum 
being separated. When the crystals were treated with nitric acid, pro- 
ducts were formed, probably analogous to those which are produced, 
under similar circumstances, from Magnus's green salt. This salt is 
precisely similar in composition to the preceding. It was, however, only 
formed once, all endeavours to reproduce it being fruitless. 2. On adding 
a small quantity of carbonate of ammonia to a boiling, very dilute, and 
neutral solution of protochloride of platinum, a very small quantity of 
minute shining scales are formed, having a reddish colour, similar to that 
produced by passing carbonic acid gas through tincture of litmus. These 
scales are distinguished from the preceding substance by being soluble in 
cold, and still more in boiling water; moreover, they are not decomposed 
by the latter. They are extremely light; the slightest motion in the air 
being sufficient to carry them up. With nitric acid, this substance 
behaves like the preceding also with ammonia, excepting that its con- 
version into Magnus's salt, by the action of the latter, takes place only at 
a boiling heat. Its composition is exactly similar. (Peyrone.) 3. A 
quantity of the mother-liquid obtained in the preparation of the yellow 
salt, was mixed with ammonia, and boiled, in order to convert any of the 
yellow salt that might be contained in the solution into the compound 
2NH 3 ,PtCl. After the excess of ammonia had been driven off, a solution 
of protochloride of platinum was added by small portions at a time. Ko 
formation of the green salt took place, andL the solution retained its original 
colour; but as the liquid cooled, small octohedrons, apparently "with 
square bases, and of a bright-red, or orange-red colour, separated from it. 
These crystals are very slightly soluble in cold water, and dissolve in 
about 50 times their weight of boiling water. When dissolved and 



ft recrystallized, they undergo slight modifications of colour and grouping, 

arranging themselves in fern-like tufts, and acquiring by repeated 
f crystallization first an orange-red, then an amber-yellow, and finally a 

f yellowish green or olive-green colour. Ammonia at a boiling heat dis- 

; solves them readily, without formation of Magnus's green salt. The 

[ resulting solution is transparent and perfectly colourless; when cautiously 

evaporated, it deposits small, colourless, prismatic needles, together with a 
yellow amorphous substance. The products formed by the action of 
' nitric acid on this compound appear to be the same as those which are 

j obtained in a similar manner from the yellow salt prepared by the direct 

process. (Peyrone.) 4. The mother-liquid of one of the preceding pre- 
parations yielded a substance much more soluble in the water than the 
last, but resembling it in all other respects. The four compounds just 
I described all agree in composition with the yellow salt, a, as appears 

j , from the following analyses: 

Peyrone. 









(1) 


(2) 


(3) 


T 


N 


14-0 . 


9-25 . 


... 9-40 .. 




9-74 .. 




3H 


3*0 . 


1-98 . 


... 2-13 .. 




. 2-05 .. 




Pt 


. 99-0 . 


... 65-39 . 


... 64'99 .. 


.. 65-25 ... 


. 64-9G .. 


.. 64-90 


Cl 


35-4 . 


... 23-38 . 


... 23-48 .. 


.. 23-46 ... 


. 2325 .. 


., 23-38 


NH 3 .PtCl .... 


.... 151-4 , 


... 100-00 . 


... 100-00 ,. 




, 100-00 





(Peyrone, Ann. PJiarm. 55, 207.) IT 

y. Green Modification. Magnus's Green Compound. May likewise 
be regarded as 2NH 3 ,PtCl-h PtCl, inasmuch as it is immediately formed 
on mixing the aqueous solution of 2NH 3 ,PtCl with PtCl. (Peyrone.) 
[Chloroplatinate of Biplatosamine = PtCl 2 H,N 2 H 5 Pt]. 1. The solution of the 
brown protochloride of platinum in hydrochloric acid, supersaturated with 
ammonia, deposits the green compound after a while. (Magnus, Pogg. 14, 
242.) 2. Sulphurous acid gas is passed through a gently-heated aqueous 
solution of bichloride of platinum, till the solution no longer gives a pre- 
cipitate with sal-ammoniac. If the stream of gas be too long continued, 
the liquid becomes decolorized, and is then no longer adapted for the pre- 
paration of the green compound. On heating the liquid after the proper 
quantity of sulphurous acid has been passed through it, and then super- 
saturating with ammonia, it becomes turbid, and deposits green, needle- 
shaped crystals, which must be washed with water. (J. Gros, Ann. P/iarm. 
27, 241 ; also Ann. Chim. PJiys. 69, 204.) 3. The mother-liquid from 
which the greater part of the colourless chlorine- compound, 2NH 3 ,PtCl 
(p. 300, preparation 2) has separated, is mixed with recently-prepared 
protochloride of platinum (obtained from the bichloride by the action of 
sulphurous acid), and the needles which immediately separate are washed 
with water. (Peyrone.) 

Green, crystalline (Magnus). Needles (Peyrone). 

Magnus. Gros. 

2N 28-0 .... 9-25 ) . ( 

6H 6-0 .... 1-98 J 1U by 12-02 

2Pt 198-0 .... 65-39 .... 65*65 .... 65-36 

2C1 70-8 .... 23-38 .... 23'46 .... 23-05 

2NH 3 ,PtCl-f PtCl .... 302-8 .... lOO'OO ... 100-00 

This compound, when heated to redness, leaves a residue of platinum, 
part of which, however, is carried away with the sal-ammoniac vapours, 
unless carbonate of soda be added to it. (Gros.) Does not evolve 



ammonia wlien boiled with potash-ley, or give up ammonia to boiling 
hydrochloric or sulphuric acid. (Gros.) Does not dissolve or decompose 
in "water, hydrochloric acid, or alcohol. (Magnus.) Dissolves when 
boiled for some time in aqueous ammonia, and the solution, as it cools, 
deposits needles of 2NH 3 ,PtCl. (Reiset.) 

IT Compounds obtained by the action of Sulphite of Ammonia on the 
Green Salt of Magnus and its Yellow Modification. The green salt of 
Magnus heated to the boiling point with an equal quantity of sulphite of 
ammonia, yields a white powder, perfectly insoluble in alcohol and in cold 
water, and very sparingly soluble in boiling water. Its composition is 
PtN 2 H 7 2 ,2S0 2 4-2(PtNH 8 p,S0 2 ).- When the sulphite of ammonia is in 
excess and the liquid is boiled for a long time, a solution is formed from 
which alcohol throws down oily drops, uniting together into a glutinous 
mass, of variable composition, which solidifies after being left for some 
time in contact with alcohol. The alcohol used for the precipitation 
deposits, if left to stand quietly, small white flakes of a body having the 
composition : PtN 2 H 7 2 ,2S0 2 +NH 4 0,S0 2 . -The modification of Magnus's 
compound which crystallizes in orange-yellow octohedrons (p. ) is 
more easily attacked by sulphite of ammonia than the green compound, 
and forms with it two white bodies, viz., a white pulverulent body, 
insoluble in water, and having the composition assigned to the first of the 
salts formed from Magnus's green compound; and another compound 
soluble in water in all proportions, precipitated by alcohol in oily drops, 
and afterwards solidifying; its composition is: PtN 2 H 7 2 , 2S0 3 + 
2(NH 4 0,S0 2 ).-~ The yellow modification obtained by the direct method 
requires 33 parts of boiling water to dissolve it. An excess of it boiled 
for a sufficient time with sulphite of ammonia, yields small white nnctuons 
needles, whose composition is expressed by the formula : PtN 2 H 7 2 ,2S0 3 
+ 2(NH 4 0,S0 2 )+PtNH 3 Cl + HO. The yellow modification prepared by 
reduction requires 140 parts of boiling water to dissolve it; an excess of 
it boiled for a sufficient time with sulphite of ammonia, forms a body 
which crystallizes in thin transparent rhombic tables, and is composed of: 
PtN 2 H 7 2 ,2S0 2 +PtNH 3 Cl + 2HO. With an excess of sulphite of am- 
monia, on the contrary, the product obtained is Bockmann's salt: 
PtN 2 H 7 2 ,2S0 2 . The chlorine-compounds obtained by treating these 
isomeric bodies with ammonia, yield, under the influence of sulphite of 
ammonia, at ordinary temperatures, a substance crystallizing in prismatic 
four-sided needles, transparent, scarcely soluble in cold water, but .soluble 
in 190 times its weight of boiling water ; at ordinary temperatures, it is 
composed according to the formula: PtNH 3 0,S0 2 -f PtN 3 H c O,S0 2 -f 2HO. 
These same chlorine-compounds, when boiled, give off ammonia, and are 
converted into Bockmann's salt. (Peyrone, Ann. Phai*m. 61, 178.) If 

0. AMMOXIO-BICHLORIDE OP PLATINUM. a. 2NH 3 ,PtCl 2 . [Bi-hydro- 

chlorate of Diplatinamine, !N~-H*pt 2 ,2HCl (p. 316).] a. Anhydrous. 1. Formed 
by heating the nitrate, 2NH 3 ,PtC10,N0 5 (p. 311), in the dry state with 
excess of strong hydrochloric acid, and evaporating to dryness, whereupon 
chlorine and hyponitric acid are evolved. 2. By mixing the aqueous 
solution of the same nitrate with hydrochloric acid or the chloride of an 
alkali-metal, which immediately precipitates the compound in the form 
of a white, heavy, sandy powder. IT 3. By passing chlorine into a 
boiling and somewhat concentrated solution of the compound 2NH 3 ,PtCl. 
(Raewsky.) 4. By boiling the compound NH 3 ,PtCP (C. p 314) with 
ammonia, and expelling the excess of ammonia by evaporation; the salt 
TOL. vi. x 



is then deposited in the form of a powder consisting of octohedral crystals. 
(Gerhardt.) 5. By adding hydrochloric acid to a solution of the nitrate, 
2NH 3 ,PtO,N O 5 . (Gerhardt.) 6. By adding hydrochloric acid to Raewsky's 
nitrate (p. 312). (Gerhardt.) U 



2N... 
6H... 
Pt... 
2C1 



28-0 ,... 13-74 
6-0 .... 2-94 

99'0 .... 48-58 
708 .... 34-74 



Gros. 

13-74 

2-99 

47'44 
33-75 



Raewsky (3). 

3-10 .... 3-00 
48-13 .... 48-25 
33-48 .... 34-00 



Gerhardt. 

3-06 .... 3*18 
48-50 ..,. 48-33 



203-8 .... 97-92 .... 100-00 

Gives off ammonia when fused with hydrate of potash, and leaves 
platiuuin together with chloride of potassium. When heated with excess 
of nitric acid, it is reconverted, with evolution of chlorine and hyponitric 
acid, into the nitrate (2NH 3 ,PtC10,N0 5 ). Nitrate of silver added in 
excess to the aqueous solution, immediately throws down part of the 
chlorine in the form of chloride of silver; but continued boiling is required 
to precipitate the whole. (Gros,) 

1T Hydrated. 2N"H 3 ; PtCl + HO. Formed by passing dry chlorine 
gas into a cold solution of the compound 2NEP,PtCl. Yellowish salt, 
which, after drying at 120, gives off water when heated in a tube. 
(Raewsky.) 



2N 


Dried 
28-0 


at 120. 
.. 13-17 
.. 3-30 
.. 46-48 
.. 33-28 
.. 3-77 




Raew 
14-07 .. 
3-50 .. 
46*39 .. 
32-55 .. 
3-49 .. 


sky. 
13-96 
3-34 

45-82 
33-00 
3-88 


7H 


7*0 


Pt . .. 


. .. . 99-0 


2C1 


70-8 


O 


8-0 



212-8 .... 100-00 100-00 .... 100-00 

1. NH 3 ,PtCl 2 = Bi-hydrochlorate of Platinamine, NHpt 2 ,2HCl (p. 314). fl 

c. Platinum sal-ammoniac digested with aqueous ammonia yields a 
pale greenish-yellow powder. As a small quantity of nitrogen is evolved 
in this action, the compound is probably mixed with a small quantity 
of ammonio-protochloride of platinum (Magnus's green compound). 
(Berzelius, Lehrb.,; comp. Fischer's experiments, pp. 307, 308; also 
Laurent and Gerhardt's experiments, p. 316.) 

IT P. AMMONIO-CHLOROBROMIDE OF PLATINUM. 2NH 3 .PtClBr. 
When bromine is gradually added to a boiling and tolerably concentrated 
solution of the compound 2NH 3 ,PtCl (either Reiset's yellow, or Peyrone's 
white modification), a crystalline precipitate is immediately formed ; and 
on subsequently adding bromine in excess, continuing the ebullition till 
the excess is driven off, and then leaving the solution at rest, crystals are 
formed having the composition above given; they are separated from the 
liquid by decantation, and washed with cold water. Orange-yellow salt, 
nearly insoluble in cold water ; gives with silver-solution, a precipitate 
of chloride and bromide of silver. 

Raewsky. 



2N 


Crystt 
28-0 .. 


illized. 
... 11-35 .... 
... 2-43 .... 
.. 40-11 ..., 
.. 14-34 .... 
.. 31-77 .... 


a. 
.... 11-36 n -a A 


10-96 


' 


6H 


6-0 .. 


.... 2-40 .. 
.... 39-77 .. 
.... 14-00 .. 
.... 32-47 .. 


.. 2-42 .. 
.. 40-00 .. 
.. 14-26 .. 
-. 31-96 .. 


.. 2-40 .. 
.. 40-00 .. 
..' 14-28 .. 
.. 32-36 .. 


., 2-43 
.. 40-28 
.. 14-20 
.. 32-29 


Pt 


99-0 .. 


Cl 
Br 


35-4 .. 
78-4 .. 



2NH 8 ,PtClBr .. 246*8 ., 100*00 



100-00 ,,,,100-00 ., 100-00 ,..,10Q'OQ 



Q. CHLOROPLATINITE OP AMMONIUM. a. Formed by mixing tlie 
purple-red solution of protochloride of platinum in concentrated hydro- 
chloric acid withsal-amnioniac, and evaporating to dryness. Purple-red, 
four-sided prisms, which turn brown after a while (from the action of 
light^) and become covered with a metallic film; they are easily soluble 
in water, and the solution is not precipitated by cold soda, but yields a 
black precipitate with hot soda, ammonia being at the same time evolved. 
(Vauquelin.) Obtained in the same manner by Magnus, who used the 
hydrochloric acid solution of the brown protochloride of platinum. 

b. Aqueous bichloride of platinum mixed with excess of sulphite of 
ammonia, gives at first the yellow precipitate of platinum sal-ammoniac; 
but on the application of heat, this precipitate dissolves, the liquid 
becomes decolorized, and after sufficient evaporation, deposits white 
crystalline grains, sparingly soluble in cold water, more readily in hot 
water; they probably consist of a compound of protochloride of platinum 
with sal-ammoniac. (Berthier, jtf. Ann. Chim. Pkys. 7, 82.) 

IT c. When a solution of protochloride of platinum in hydrochloric 
acid is saturated with carbonate of ammonia, and the whole evaporated 
to dryness in the water-bath, a reddish residue is obtained, consisting of 
chloroplatinite of ammonium mixed with sal-ammoniac, which latter salt 
may be completely removed by repeated washing with alcohol. The 
washed residue must then be placed on fine filtering paper, and exposed 
to the air, till all traces of alcohol are removed ; for the presence of alcohol 
produces some peculiar change in the compound, which interferes with its 
crystallization. It is then dissolved in boiling water, the solution filtered 
into a vessel previously heated, and then left to stand in a quiet place, 
whereupon, if the cooling does not take place too quickly, very beautiful, 
four-sided prisms are obtained, sometimes more than a decimetre in length, 
and either acuminated at the ends or obliquely truncated; they are 
perfectly transparent, and of a fine garnet colour. 

Dried at 100. 

Pt 99-0 .... 52-6 

4H 4-0 .... 2-1 

N 14-0 .... 7-5 

2C1 70-8 .... 37-8 



NH 4 Cl,PtCl 187-8 .... 100-0 



Peyrone. 

523 
2'2 
S-l 

37-4 

100-0 



(Peyrone, Ann. Pharm. 55, 205.) ^j 

R, CHLOROPLATINATE OF AMMONIUM. Platinum Sal-ammoniac. 
Precipitated in the form of a lemon-yellow, crystalline powder, on adding 
an ammoniacal salt to an aqueous solution of bichloride of platinum. A 
reddish yellow tint indicates the presence of cliloriridiate of ammonium. 
This impurity may be nearly but not quite removed by repeated boiling 
with nitric acid; if the liquid be poured off hot, the chloriridiate of 
ammonium separates out from it on cooling, and the remaining liquid 
may be again boiled with the platinum residue. (Berzelius.) 

Chloroplatinate of ammonium, when precipitated, forms a lemon- 
yellow, crystalline powder; when crystallised from its aqueous solution, it 
forms regular octohedrons of an orange-yellow colour. 

Crystallized. Vauquelin. 

NH 3 17-0 .... 7-61 

HC1 36-4 .... 16-31 

Pt 99-0 .... 44-36 42'5 

2C1 70-S .... 31-72 



JN"H 4 Cl,PtCl- 223-2 



100-00 



When heated to redness, it gives off, without fusion, nitrogen gas, 
hydrochloric acid, and sal-ammoniac, and leaves spongy platinum: 

3(NH 4 Cl,PtCl 2 ) = 3Pt + NH 4 Cl+ 8HC1+ 2N. 

On carefully heating it, not quite to redness, there remains a greyish 
green powder, which is neither dissolved nor decomposed by water, 
caustic potash, or acids, and is probably a compound of protochloride of 
platinum with sal-ammoniac. (Berzelius.) Chlorine gas passed through 
water in which chloroplatinate of ammonium is diffused, decomposes it with 
evolution of nitrogen (and formation of chloride of nitrogen), the products 
of the decomposition being an aqueous solution of bichloride of platinum 
and free hydrochloric acid: 

NH 4 Cl,PtCl 2 + 3C1 =PtCF + 4HC1 + N. 

Chloroplatinate of ammonium is decomposed by heated oil of vitriol. 
It dissolves in a solution of protochloride of tin in hydrochloric acid, 
imparting a dark brown colour to the liquid. (Fischer.) It dissolves in 
150 parts of cold water and in 80 parts of boiling water; 1 part of it 
imparts a yellowish colour, even to 20,000 parts of water. It is insoluble 
in cold hydrochloric acid, and separates out on cooling from its solution in 
hot hydrochloric, sulphuric, or nitric acid. (Fischer, Kastn. Arch. 14, 156.) 
A concentrated solution of sal-ammoniac precipitates chloroplatinate of 
ammonium almost completely from its aqueous solution. (Bottger.) 
Chloroplatinate of ammonium is insoluble in alcohol. 

Chloroplatinate of ammonium is very slightly soluble in cold aqueous 
ammonia, but dissolves very abundantly and completely in a boiling 
solution of ammonia provided it does not contain any foreign metals 
forming a colourless or pale yellow liquid, which may be preserved in 
close vessels without alteration. (The aqueous solution of chloroplatinate 
of ammonium is likewise gradually decolorized by ammonia in the cold.) 
The ammoniacal solution, when exposed to the air, quickly becomes 
turbid, from loss of ammonia, and yields a greyish white precipitate, 
together with a white saline film consisting of the salt a, to be considered 
further on. If the solution be evaporated at a strong heat, it usually 
deposits chloroplatinate of ammonium; but by evaporation to dry ness at a 
more gentle heat, it becomes pale yellow and acid, and finally deposits the 
greyish white powder of (a). The same compound is precipitated on 
gently adding ammonia to the liquid when it has become acid by gentle 
evaporation. It is also precipitated from the uuevaporated solution, as a 
white gummy mass, by concentrated phosphoric, sulphuric, and nitric acid, 
and after a while also by hydrochloric acid ; moreover, by alkaline car- 
bonates, phosphates, sulphates, and oxalates ; by green vitriol, in which 
case, however, hydrated ferrous oxide falls down with it, and must be 
dissolved out by hydrochloric acid, not in excess; very abundantly by 
alcohol; but not by alkaline hydrochlorates, nitrates, or acetates. An 
excess of most of these precipitants does no harm, inasmuch as they do not 
dissolve the compound (a) ; only phosphoric acid and phosphate of soda, 
and in a lower degree also, the alkaline carbonates, redissolve a small 
quantity of it. The precipitate produced by alkaline phosphates is not 
gummy, but curdy. If the ammoniacal solution has lost its excess of 
ammonia by long exposure to the air in which case a small quantity 
of (a) separates out the above-mentioned salts still throw down from 
it the white precipitate (a); but acids then separate the salt (6) in 
the form of a yellow or yellowish -red, gummy precipitate. This salt (>) 
is likewise precipitated in a few hours from the aqueous solution of 



AMMUmUM. 



chloroplatinate of ammonium on the addition of phosphate or sulphate of 
soda. In all these precipitations, however, a large quantity of platinum 
remains dissolved. 

Salt (a) is best prepared by precipitating the ammoniacal solution 
with phosphate of soda. White, gummy or curdy; deposited in indistinct 
laminae, when the ammoniacal solution of chloroplatinate of ammonium is 
evaporated. Scarcely soluble in water, even at a boiling heat, or in 
dilute sulphuric acid, or in ammonia, (hence it does not exist ready 
formed in the ammoniacal solution of platinum sal-ammoniac). Dissolves 
in hot nitric acid, and separates again unchanged as the liquid cools. 
Dissolves in hot hydrochloric acid, and the solution, on cooling, deposits 
the yellow salt (6), which, however, disappears again on the addition of 
more water. Dissolves but sparingly in acid hydrochlorate of stannous 
oxide, imparting a pale yellow colour to the solution. 

Salt (5). Most conveniently obtained by precipitating the ammoniacal 
solution of platinum sal-ammoniac with green vitriol, and treating the 
precipitate with excess of hydrochloric acid. Varies in colour from 
lemon-yellow to orange yellow, according to the concentration of the liquid 
from which the precipitate has been obtained. Gummy or fibrous. Fuses 
when heated, giving off sal-ammoniac without any free ammonia, and 
leaves platinum. Decomposed by hot oil of vitriol. In cold water it is 
less soluble than platinum sal-ammoniac ; but in hot water it dissolves 
abundantly, forming a turbid, pale yellow liquid, from which it separates 
for the most part on cooling. Dissolves much more easily in acidulated 
water. In hot hydrochloric acid it dissolves more abundantly than (a), 
forming a yellowish solution, from which it separates on cooling, but 
redissolves on the addition of water. From its solution in hot dilute 
sulphuric acid, it likewise separates, on cooling, in the form of a yellow 
powder; but from solution in hot nitric acid, it separates in the form 
of (a). Acid hydrochlorate of stannous oxide dissolves it in small quan- 
tity, forming a deep yellow solution. (Fischer, Kastn. Arch. 14, 150.) 

t S. Ilaeicsltfs Carbonate. 4NH 3 ,Pt 2 C10 5 ,2C0 2 . Formed by deconi- 

?osing the corresponding nitrate (p. 312) with carbonate of ammonia, 
f concentrated solutions be used, a white granular precipitate is obtained; 
from dilute solutions, it separates, after a while, in pearly scales, which, 
however, are converted by drying into a white granular powder. (For 
the analysis and Gerhardt's formula, see page 31?.) Tf 

T. AMMONIO-PHOSPHATE OF OXYCHLORIDE OF PLATINUM. The 
nitrate (2NH 3 ,PtC10,N0 5 ), mixed with an aqueous alkaline phosphate, 
yields, after a while, small shining transparent crystals, much less soluble 
than the nitrate. (Gros.) 

IF U. Raewstys Phosphate. 4NH 3 3 Pt 2 C10 5 ,Pp 5 ,HO. When a warm 
concentrated solution of the nitrate (p. 312) is mixed with terbasic phos- 
phate of soda, a crystalline precipitate is immediately formed; from cold 
dilute solutions, the salt crystallizes, after a longer time, in small, white, 
strongly lustrous needles, "arranged in radiated groups. It is nearly 
insoluble in cold water, and but slightly soluble in hot water. The 
basic water, amounting to 2-1 per cent., is given off at 150. (For the 
analysis and Gerhardt's formula, vid. p. 31 S.) If 

V. AMMONIO-SULPHATE OF OXYCHLORIDE OF PLATINUM. [BicHor- 



''. I 



hydro-sulphate of Diplatinamine : N^t^SCHH 2 + N 2 H 4 pt 2 ,2ClH .] 1 . The nitrate, 
2NH 3 ,PtC10,N0 5 , and likewise the chlorine-compound 2NH 3 J PtCP, > dis- 
solve in warm dilute sulphuric acid, with evolution of hydrochloric or 
nitric acid, and subsequently yield crystals of the sulphate on cooling. 
2. A warm concentrated aqueous mixture of one of these salts with sul- 
phate of soda, solidifies, on cooling, in a viscid mass made up of needles. 
Delicate transparent needles, which, when heated in contact with air, 
effloresce from loss of water. Sparingly soluble in cold water, dissolves 
with tolerable facility in hot water, and separates from ^the solution 
unchanged. The hot solution, mixed with excess of nitric or^ hydro- 
chloric acid, deposits the nitrate or chlorine-compound on cooling, the 
sulphuric acid remaining in the liquid. The aqueous solution gives no 
precipitate with baryta-salts, till nitric or hydrochloric acid is added to it. 

(Gros.) 

Dehydrated. Gros. 



2N ... 


28-0 ... 


12-94 




12-89 


6H 


6-0 ... 


2-78 




2-84 


Pt 


99-0 ... 


45-75 




45-06 


Cl 


35*4 ... 


16-36 




16-40 


O 


8-0 ... 


3-69 




4'05 


SO 3 


40-0 ... 


18-48 




18-76 



2NH 3 ,PtC10,S0 3 .... 216-4 .... lOO'OO 



100-00 



IT W. Eaewsky's Chlorine-compound. 2 NH 8 ,PtC10,Cl ? Hydro- 
chloric acid added to a solution of the nitrate 4NH 3 ,Pt 2 C10 5 ,2N0 5 , pro- 
duces a white granular precipitate, soluble in water. 

Dried at 120. 
28-0 ... 13-23 



2N, 
6H. 
Pt . 
2C1 
. 



6-0 
99-0 
70-8 

8-0 



2-83 
46-74 
33-43 

3-78 



Raewsky. 
13-40 13-50 



Gerhardt. 



2-66 
47-30 
31-30 

5-34 



2-70 
47-10 
32-00 

4-70 



3-06 
48-50 



3-18 
48-43 



211-8 .... 100-00 .... 100-00 .... 100-00 

If the preceding formula be correct, the formation of the salt must be 
attended with evolution of oxygen and substitution of chlorine in its 
place. Gerhardt, however, whose analytical results differ greatly from 
those of Eaewsky, regards the salt as identical with the ammonio-bichlo- 
ride of. platinum (or bichlorhydrate of diplatinamine) discovered by 
Gros (0, p. 305). IT 

X. FLUOPLATINATE OF AMMONIUM. Dark brown, gummy, amor- 
phous. When treated with water, it is resolved into a soluble acid 
salt and an insoluble basic salt. Insoluble in alcohol. (Berzelius, 
Lehrbuch.) 

Y. AMMONIO- NITRATE OF PLATINOUS OXIDE. a. With 2 At. 

Ammonia. 2lSFH 3 ,PtO,]N T 5 . [Nitrate of Diplatosamine: N 2 H 5 Pt,NHO 3 .] 

u a. Yellow. When a solution of the chlorine-compound (2NH 3 ,PtCl) 

^prepared by (1), is precipitated by nitrate of silver and the filtrate 

% evaporated, neutral crystals are obtained. (Reiset.) The salt may be 

directly obtained by treating Reiset's chlorine-compound (2NH 3 ,PtCl) 

yith nitric acid. In properties and composition, the crystals agree per- 

* tetly ttith the following salt ft but they are yellow. (Peyrone.) 

/ " 0. Colourless. Nitric acid added to the aqueous solution of the 

colourless chlorine-compound (2NH 3 ,PtCl) prepared by (2,) throws down 



small needles; and when these are washed with alcohol, dissolved in boil- 
ing water, and the solution evaporated and cooled, the salt separates out 
in small, transparent, and colourless needles, which are soft to the touch 
and flexible. When heated, they deflagrate like gunpowder. Boiled 
with nitric acid and alcohol, they deposit a yellowish-white substance 
insoluble in water (containing 46*5 p. c. platinum and 2%9 hydrogen, and 
dissolving in nitric acid with formation of peculiar crystals), and give off 
a vapour which excites tears, acts strongly on the olfactory organ, and 
when condensed by cooling, forms with the solution of the undecoinposed 
salt in nitric acid, a beautiful blue substance. (Peyrone.) 

Peyrone. 

Dried at 100. . /3. 

3N .................................... 42 .... 21-54 ........ 21-68 

6H .................... , ............... 6 .... 3-08 ........ 3-20 .... 3*26 

Pt .................................... 99 .... 50-77 ........ 50-43 .... 50'33 

GO .................................... 48 .... 24-61 



2NH 3 ,PtQ,NO3 ............ 195 



100*00 



b. With I At. Ammonia.NIP,PtO, NO 5 . [Nitrate of Pktosamine : 
Isir-Pt^NHO 3 .] Formed by boiling the iodine-compound (NH 3 ,PtI) with 
aqueous silver-nitrate, and evaporating the filtrate; the boiling must be 
continued for some time, inasmuch as the decomposition takes place but 
slowly. The salt crystallizes with difficulty, reddens litmus strongly, 
may be obtained in the anhydrous state, and is converted, by solution in 
ammonia, into the preceding salt a, a. (Reiset.) 

Z. Ammonia-nitrate of Platinic Oxide? Precipitated, according to 
Bergman, in the crystalline form, on mixing platinic nitrate with 
ammonia. 

a. With 2 At. Ammonia. The compounds : (a.) 2NH 3 ,PtO,NO s -}- Aq. = Mono- 
nitrate of Diplatinamine : N 2 H 4 pt 2 ,NHO 3 -f Aq. 3 and (/3.) 2(2NH 3 J PtO-),3NO5 + 
Aq. = Sesqidnitrate of Diplatinamine : 2N 2 H 4 pt 2 , 3NHO 3 -r Aq., have been obtained by 
Gerhardt (pp. 316, 317). 

b. With I At. Ammonia. (a.) NH 3 ,Pt0 2 ,XO 5 ~ 3Aq. = Mononitrate ofPMina- 
mine NHpt 2 , NHO 3 -i- 2Aq. ; and (j3^ NH 3 ,Pt0 2 5 2NO 5 = Binitrate of Platinamine 
= NH-pt-,2NHO 3 . (Gerhardt, p. 315.') 

A A. AMMONIO-NITRATE OP OXYCHLORIDE OP PLATINUM. BicHorliydro- 
nitrate of Diplatinamine : N 2 H 4 pt 2 ,NH0 3 , ClH.j The green compound of Magnus 
(NH 3 ,PtCl) heated with nitric acid, first turns brown, aud is afterwards 
converted into a mixture of platinum and a white crystalline powder, 
which is dissolved out by boiling water, and crystallizes on cooling. No 
other products are formed; only, after very long boiling, the nitric acid 
acquires a yellow colour, from the presence of platinum sal-ammoniac, 
which being much less soluble, may easily be separated from the white 
salt. (Gros.) The action probably takes place thus : 

2(NH*,PtCl) + HO + NO 5 = 2NH 3 ,PtClO,N0 5 -f Pt + HCL 

Shining flattened prisms, colourless or pale yellow. The salt, when, 
ignited with carbonate of soda, leaves a residue of platinum and chloride 
of sodium. With hydrate of lime, it gives off a small quantity of 
ammonia; with cold potash-ley, a larger quantity; and with boiling potash- 
ley, a very large quantity, being itself dissolved at the same time. If the 
boiling be continued till the evolution of ammonia ceases, a white powder 
separates, containing nitrogen, hydrogen, platinum, and oxygen, but no 
chlorine; this substance assumes a whitish-grey colour at 120, detonates 
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at 250 witli abundant formation of gas, and is soluble in sulphuric, nitric, 
and acetic acid, but uot in water or ammonia. Alkaline carbonates form, 
with, the aqueous solution of the nitrate, a, white flocculent precipitate, 
which, after washing and drying, dissolves with effervescence in acids. 
Sulphuretted hydrogen passed through the aqueous solution, throws down, 
after some time, a small quantity of sulphur, coloured brownish-yellow 
from admixture of platinum; but the quantity of platinum thus precipitated 
does not exceed ^ per cent. With nitrate of silver, the solution likewise 
exhibits a whitish turbidity after a while; on the application of heat, the 
precipitate increases, but its aspect is different from that of chloride of 

silver. 

Dried. Gros. 



3N . . . 


42-0 


18-23 




OH 


(i-0 


2-60 


2-77 


Pt 


99-0 


42-97 


42-35 


Cl 


35-4 


15-37 


15-49 


GO 


48-0 .... 


20-83 





2NH 3 ,PtC10,NO 6 .... 230-4 



100-00 



IT According to Raewsky, tho nitric acid saltW, discovered by Gros, 
is obtained only when the quantity of nitric acid used is reduced to the 
minimum, so that, in preparing this salt, it is best to add at first a 
quantity of nitric acid less than that required to complete the reaction, and 
afterwards supply the deficiency by small successive additions. When, 
on the contrary, tbc green salt of Magnus is treated with an excess of 
strong nitric acid, rod fumes are evolved, and two nitrates are formed, 
containing respectively the bases 4NrP,Pt 2 C10 5 and 2NH 3 ,PtCi0 2 ; their 
formation is expressed by the following equation : 

S(NH-\ PtCl) + 24(N0 5 , HO) = 4NH 3 , Pt-C10 5 , 2NO S + 2(2NI-F, PtC10-,NO s ) 
+ 4 (PtO-^NO 5 ) + 19HO + OHC1+ 12NO--. 

BB. Jtinitrate: 4NH 3 ,PtC10 5 ,2N0 5 . This compound separates in 
the form of a white granular salt, which, after long boiling, and leaving 
the solution to cool a little, may be separated by decantation from tho 
liquid, and then washed on a filter with a very small quantity of water. It 
is then dissolved in water nearly boiling, and the solution evaporated in 
vacuo over sulphuric acid. After four crystallizations, the salt is obtained 
in small, white, shining laminoa, or scales. After drying at .120, it gives 
off water when heated, exploding slightly, yielding a sublimate of sal- 
ammoniac, and leaving metallic platinum. When boiled with potash, it 
turns yellow, and gives off ammonia. A small quantity of dilute sulphuric 
acid exerts no action upon it, but on the addition of copper turnings, red 
fumes are evolved. Nitrate of silver is not clouded by it. 

Dried at 120. Rnewsky. 



6N 


84-0 


. 18'09 


20-57 


20-44 


19-54 


19*00 


12H 


12-0 


. 2*G7 


2-72 


2*70 


2*73 


2*7.'-! 


2Pt 


198-0 


44-07 


43-49 


43-82 


44*17 


44*10 


Cl 


35-4 


7-87 


7-05 


7-68 


8-00 


8*00 


150 


120-0 


26-70 


25*42 


25*50 


2v4f> 


26*17 

















4NH 3 ,Pt 2 C10 5 ,2N0 5 .... 449*4 ....100'QO .... 99-85 ....100*20 .... 99-90 .....100*00 

[According to Gerhardt, tin's salt is a Sesguicttlorftydro-jtiirate of Diplatinamine : 
N 2 H 4 pt ! ,2NH03 + N=H*'pt 2 ,ClH.] 

CO. Mononitrate. 2NH s ,PtC10 2 ,NO s . The mother-liquid obtained 
in the preparation of the salt BB 4 contains a second platinum-salt, which 
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separates out when the liquid is decanted from the salt BB, and left to 
cool. The acid liquid again decanted from the new deposit, leaves, on 
evaporation and ignition, a very large quantity of platinum. Hence, to 
obtain the salt pure and crystallized, it is necessary to use a considerable 
quantity of platinum. When pure, it is perfectly white, and crystallizes 
in very small, shining needles. When heated, it decrepitates, gives off 
sal-ammoniac and water, and leaves platinum. Solution of potash colours 
it yellow, and, on boiling, dissolves it with evolution of ammonia. 
With sulphuric acid and copper, and with nitrate of silver, it behaves 
like BB. 

Crystallized. Raewsky. 



3N 


42-0 .... 


17-61 


17-90 






fill 


6-0 .... 


2-52 


2-43 




2-50 


Pt 


99-0 .... 


41-53 


42-00 




42-20 


Cl 


35-4 .... 


14-85 


14-58 




14-60 


70 


56-0 .... 


23-49 


23-09 




22-80 



2NHs,PtC10 2 ,NO 5 238-4 .... 100-00 



100-00 



[According to Gerhardt : Bichlorhydro-nilrate qf Diplalinamine : N 2 H 4 pt 5 ,NH0 3 ,ClHj 
identical with the salt AA, obtained by Gros.] 



GERHARDT'S Plalinum-lases and General Theory of the Ammoniacal 

Compounds of Platinum, 
(Comptes rendus de& trataux en Ctiimie, 1850, 273.) 

The animouiacal compouuds of platinum are regarded by Gerhardt as 
containing certain bases or alkalis formed from ammonia by the substi- 
tution of one or two atoms of platinum for hydrogen, the platinum (like 
other metals, in the system of Laurent and Gerhardt) being moreover sup- 
posed to enter into its several compounds with two different atomic 
weights, viz. as Platinosum = 7t= 99, and as Platinicwn=-pt = 43'5; 
thus platinous oxide = PtO; platinic oxide = ptO. 

According to this theory, Heiset's second base and its corresponding 
salts are supposed to contain an alkali, called Platosamine yil-Pt, in 
which 1 At. hydrogen is replaced by 1 At. platinosum ; and Reiset's first 
base, with the corresponding .salts, is supposed to contain another alkali, 
called D iplalosamine = N 2 H 6 Pt, formed by the union of 2 atoms of 
ammonia into one, and the substitution therein of iPt for 1H : thus: 

Hyclrochlorate of Platosamine = NH 3 ,PtCl = NH-Tt + IIC1. 
HydroeMorate of Diplatosamine = 2NH' J PtCl =K-HPt + HC1. 

Similarly, by the substitution of 2pt for 2H iu NH 3 and N 2 H C , two 
other bases are formed, viz. Platinamine= NHpt 2 , and Diplatina- 
N*H 4 pt 2 5 thus: 

Hydrochlorate of Platinamine = NH 3 ,PtCl z _ NHpt- + 2IIC1. 
Hydrochlorate of Dijilatinamine = 2NH- 1 ,PtCl-= N=H<pf + 2HC1. 



Platinamine and several of its salts have been prepared and investigated 
by Gerhardt, and will be described immediately. Bi-hydrochlorate of 
diplatinainine is the salt 0, prepared by Gros (p. 305). The other salts 
obtained by Gros (c.y. T, V, and AA, pp. 309, 311), and hitherto 
supposed to contain a chloriferous base, PtCIO, are regarded by Gerhardt 
as double salts containing hydrochloric acid together with another acid. 
Riiewsky's salts (pp. 309, 31 '2) are double salts of a similar character, but 
having their acids in diil'erent proportions. 
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A. PLATINAMINE. NHpt 2 .' This compound is obtained in the form 
of shining, hydratcd crystals, on treating a boiling solution of tho nitrate 
with excess of ammonia. The crystals, which adhere strongly to tho sides 
of the vessel, are separated from the liquid by decautation, and then boiled 
with water, which causes them to separate and collect at the bottom of 
the vessel in the form of a heavy crystalline powder, having a yellow- 
colour and strong lustro. The ammoniacal mother-liquor yields a fresh 
crop of crystals on evaporation. The crystals, when examined by the 
microscope, present the form of small, very short rhomboidal prisms, often 
having their edges and angles modified. They suffer no loss of weight 
at 130. 



Pt 


Dried at 130. 
99 ,. 


CG'OO 


Gerhai-dt. 
05-6 


5H 


6 .... 


3-33 


3-3G 


N 


14 .... 


9-33 


9-70 


20 


32 .... 


21-34 


21-28 











NHpt- + 2Aq. 150 .... lOO'OO .... lOO'OO 

Tho atomic weights used in the calculation of the preceding formula, and also in 
those of the following compounds, are: 11=1, N=1-J, Cl = 35'5, Pt=99, 
pt=49'5, = 16, S = 32. The same analysis calculated according to the atomic 
weights used in this work, leads to the formula NH 3 ,PtO-H-2Aq. 

Platinamino decrepitates when heated in a closed tube, giving off water 
and ammonia, and leaving a residue of platinum. It dissolves readily in 
hot dilute acids, even in acetic acid. Boiling potash neither dissolves it 
nor separates ammonia from it. Platinamine combines with a groat 
number of acids, forming crystallizable salts, some of which are neutral 
and others acid. 

B. SULPHATE OF PLATINAMINE. NHpt 2 ,S0 4 H 2 . Platinamino dis- 
solves readily in dilute sulphuric acid; and when the solution is concen- 
trated, crystalline pellicles of tho sulphate separate on the surface. Ou 
evaporating to dryness, washing tho residue with alcohol, and then drying 
it, the salt is obtained in the form of a yellow powder, having an acid 
taste, and dissolving with tolerable facility in warm water. Tho analyses 
of this salt dried at 120, give 46-00 per cent, of platinum; tho aliove 
formula requires 46-69. According to the atomic weights usually adopted, 
the formula of the salt is NH 3 ,Pt0 2 ,2S0 3 . 

C. BI-HYDROCHLORATE OP PLATINAMINE. NHpt 2 ,2HCl. Obtained 
by the action of chlorine on hydrochloratc of platosamine, NH'Pt, HOI 
(the chlorine-compound of Reiset's second series, N, b, , page 302). 

^When this latter salt is suspended in water through which chlorine gas is 
passed, it is converted into a heavy, lemon-yellow powder, consisting of 
octohcdral crystals, apparently with square or rectangular bases; they 
are insoluble in cold water, and very slightly soluble in boiling water 
or in water acidulated with hydrochloric acid. 



Pt 


Cryi 
... 99 


itallised. 
.. 52-94 
.. 1-60 
.. 37-B7 
.. 7-49 


Gerhard b 
52-67 .... 52-88 
1-77 
38'09 
7-43 


3H 


3 


201 .... 


71 


N 


.. . 14 







NHiit 2 ,2HCl 187 .... 1UO-00 ..,. 99-96 



! | s n com P UIul mn >; also be regarded as an ammvruo-liicMm-ide of platinum, 

IsH'.ltLl-i in fact, it bears the same relation to the compound 0, p. 305, as N, A 

buara to IN, a.] * ' 
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Bi-hydrochlorate of platinamine is converted, by boiling with ammonia 
and subsequent evaporation, into bi-hydrochlorate of diplatinamine (the 
chlorine-compound of Gros' series, 0, p. 305) : 

NHpt 3 ,2HCl + NH 3 = N-H 4 pt-,2HCl. 

It is not affected by strong sulpburic or nitric acid, even at a boiling 
heat; neither does a solution of bichloride of platinum exert any action 
upon it. When boiled with caustic potash, it does not give off ammonia, 
but dissolves, and forms a golden-yellow liquid, from which acids throw 
down a yellowish precipitate insoluble in acetic acid, and possessing 
properties different from those of platiuamine. 

D. NITEATE OP PXATINAMINE. a. Neutral. NHpt", NH0 3 + 2Aq. 
Obtained by boiling the bi-hydrochlorate diffused through a large quantity 
of water with nitrate of silver, as long as chloride of silver continues to 
form. If the liquid be then filtered boiling hot, the nitrate separates on 
cooling in the form of a yellowish crystallo-granular powder, which, when 
examined by the microscope, appears to consist of rhombic or hexagonal 
tables. The yellowish solution reddens litmus, gives with potash or 
ammonia a precipitate of platinamine; with carbonate of soda, a yellowish 
white crystalline precipitate; and with phosphate of soda, a white flocculcnfc 
precipitate, soluble in excess of the precipitant. Hydrochloric acid added 
to the solution of this salt, forms no precipitate in the cold, but, on the 
application of a gentle heat, throws down a precipitate of bi-hydrochlorate 
of pJatiuaiuine. 

Gerliardt. 
46-47 ... 46-33 .... 46-27 



Ft.. 
H 

N 2 

o 5 



Dried at 120". 

99 

6 

28 

80 



2-81 
13-14 

37-58 



2-84 
13-00 
37-83 



3-03 



NHpt'.NHO' + aAq 213 ....100-00 ... 99-84 

[This salt may also be regarded as an ammonio-nitrate of platinio oxide; 
NH3,PtO-,NO s + 3A<i., vitl. p. 311.] 

b. Binitrate. NHpt 2 , 2NH0 3 . Obtained by mixing the solution of 
the preceding salt with excess of nitric acid, and evaporating. It forms 
a, crystalline mass, which, after drying, presents the appearance of a- 
yellowish powder. 

Gerhard t. 

Ft 99 .... 41-25 .... 41-17 .... 41'25 

H" 3 .... 1-25 .... 1-40 

N 3 42 .... 17-50 .... 17-42 

O 8 96 .... 40-00 .... 38-85 



NHpt=,2NHO 3 240 .... 100-00 
[May also be regarded as KH 3 ,PtO ! ,2N0 5 ]. 



99-84 



E. DIPLATINAJIIXE. N 2 H''pt 2 . Not yet obtained in the separate 
state. It contains the elements of platinamine and ammonia, so that its 
salts might be regarded as double salts of those two bases. This mode of 
viewing- them is supported by the circumstance that a great number of 
these salts are acid salts and coutain two acids; so that if we suppose them 
also to contain two bases, their coustitutiou will be that of neutral salts. 
Such a theory, however, would destroy all analogy between tlic ammoniaca! 
compounds of the protochloride and bichloride of platinum, inasmuch as 
there would then bo only one base corresponding to the bichloride. 
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Diplatinatnine forms tlireo kinds of salts, viz. mono-acid, sesqui-acid, 
and bi-acid salts, and exhibits a peculiar tendency to form double salts con- 
taining two acids. To the latter class, belong the salts discovered by Gros, 
and also those more recently discovered by Raewsky. The general 
formula of Gros' salts is that of bi-hydroclilorate of diplatinamine, in 
which half the hydrochloric acid is replaced by another acid, AcH, con- 
taining the same quantity of basic hydrogen: 



This formula may also bo doubled and thus written: 

2AcH, NWpt 3 ) 
2C1H, N 2 II 4 pt 2 > 

In Raewsky's salts, Gerhardt finds, from his own analyses, the same 
elements, minus 1 eq. of hydrochloric acid ; so that their general 
formula is 

2AcII, N 2 H-'pt 2 1 

C1I-I, N-'H-'pt 3 / 

"Which may also be written: 

AcH 

JC1H 

According to this viow, in short, the salts discovered by Raewslcy are 
sesqui-acid salts of diplatinamine^ and those discovered by Gros are bi-acid 
salts of the same base. 

F. HYDROCIILORATE OP DIPLATINAMINE. a. Mono-acid. N 2 H 4 pt 2 , 
HC1 ? Chlcroplatinate of ammonium digested in strong caustic ammonia 
dissolves, and forms a nearly colourless solution, from which alcohol 
throws down white flakes, which dry up to a pale yellow, resinous mass 
easily soluble in water. Its analysis leads to the formula Pt,ClN 2 H B 
(Laurent aud Gerhardt, Compt. rend. trav. Chim. 1849, 1 13), which agrees 
numerically with that of a mono-hydrochlorate of diplatinamine. The 
addition of hydrochloric acid, however, does not convert it into the 
bi-hydrochloratc of that base; and altogether its reactions are such as to 
leave its rational constitution a matter of uncertainty. 

b. Si-acid. N 2 H 4 pt 2 ,2HCL This salt is identical with the aimnom'o- 
bichloride of platinum 2NH',PtCP, obtained by Gros (0, p. 305); also 
with the salt to which Raewsky assigns the formula, Pt 3 N 4 H 12 Cl 2 2 ,Cl 2 
(p. 310); according to Gerhardt, this latter formula is based upon an 
incorrect analysis. 

G. NITRATE OF DIPLATINAMINE. a. Mononitrale. N 2 H 4 pt 3 , 
NH0 3 + Aq. Formed by boiling the solid sescpinitrato (b) with ammonia, 
which dissolves it, and, on cooling, deposits the mononitrato in the form 
of a white amorphous powder, insoluble in cold water, but dissolving with 
tolerable facility in hot water. 

Dried at 130. Gerhardt. 

Pt .................................... yg .... 46-09 .... 46-63 

7H ................................ 7 .... 3-30 .... 3.3-2 

3N ................................ 42 .... 19-81 .... 20-24 

40 ................................ 64 .... 30-20 .... 30-11 



2 12 .... 100-00 ~ 100-00 

[May also be regarded as an ammonio-mtrate of platinio oxide = 2NH 3 ,Pt0 2 ,N0 5 + Aq.] 
This salt explodes violently and with ignitiou when heated in a tube. 
When moistened in tho dry state with sulphuric acid, it assumes a blue 
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colour, and emits red vapours. A tolerably concentrated solution forms, 
with oxalate of ammonia, a heavy, white, crystalline precipitate, composed 
of small prisms; with phosphate of soda, a white flocculent precipitate, 
soluble in excess of the phosphate; with sulphate of soda, no precipitate; 
with carbonate of soda, a white crystalline precipitate, having hut little 
density; with sal-ammoniac, no precipitate; with hydrochloric acid, 
nothing at ordinary temperatures; but if the liquid be boiled and left to 
cool, a light crystalline white precipitate is formed, consisting of octo- 
hedrons of the bi-hydroehlorate. 

It. &S2?a?ziVrate. 2N 3 H 4 pt-,3NH0 3 +Aq. Obtained by the action of 
hot concentrated nitric acid on nitrate of diplatosamine (Y, p. 310). The 
crystals of the latter salt, when tlius treated, are converted into a blue 
powder, which however loses its colour after continued boiling. On 
decanting the nitric acid, dissolving the powder in boiling water, and 
leaving the liquid to cool, the sesquinitrato separates in the form of a 
white crystalline powder, which, when examined by the microscope, 
appears to be composed of hexagonal tables and very oblique prisms with 
hexagonal bases. 

Gerhardt. 
2Pt 



13H 


13 


2-77 


2-88 


7N 


98 


.... 20-90 


21-18 


100 


1GO 


. . 34-12 


33-94 










2NniV : .3NH0 3 +Aq. 


409 


.... 100-00 


... 100-00 



[May also be regarded as ammonia -sesguinitrate of plalin c oxide = 4NH 3 ,2PtO-, 



Sesquinitrate of diplatinamine is slightly soluble in cold water; boiling 
water dissolves it more freely, but the greater part separates again in the 
crystalline state on cooling. It is less soluble in nitric acid than in water. 
When heated in a closed tube, it explodes suddenly like an azotized 
organic body. 

A saturated aqueous solution of this salt gives no precipitate with 
potash or ammonia, either in the cold or when heated; with carbonate of 
soda, a white crystalline precipitate; with carbonate of ammonia, after a 
few seconds, Hakes and crystalline pellicles form on the surface of the 
liquid, presenting under the microscope the appearance of interlacing 
needles; with oxalate of ammonia, an abundant white, flocculent pre- 
cipitate; with sulphate or phosphate of soda, no precipitate; with hydro- 
chloric acid, after a few moments, a heavy, white, crystalline precipitate, 
which becomes more abundant on boiling, and when examined by the 
microscope, presents the appearance of small prisms; no precipitate with 
sal-ammoniac or sulphuric acid; with nitric acid, after a few seconds, a 
white crystalline precipitate. 



H. SESQ,niCIILOnHYDRO-CABBONATE OP DlFLATINA JUNE. J 

Carbonate (p. 309). Gerhardt assigns to this salt, the formula: 
N 2 H<pt 2 ,C0 3 rP + N 2 H 4 pt 2 ,ClH + Aq. 

Raewsky. 



2Ft 


198-0 .... 


53-3 


49-00 


.... 49-70 .. 


.. 49-75 


13H 


13-0 .... 


3-4 


2-97 


.... 3-00 .. 


.. 3-00 


Cl 
4N 


35-5 .... 
56-0 .... 


fl-3 
14-7 


9-00 
14-70 


.... 9-00 




c 


12-0 .... 


3-1 


2-98 


.... 3-00 .. 


.. 3-00 


4O . 


04-0 .... 


10-2 


21-35 



















378-5 



100-0 



100-00 
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The quantities of platinum determined by Raewslcy's analyses are too low for the 
above formula ; but Gerhardt is of opinion that the platinum- determinations made by 
Raewsky, not only in this but in all the other salts which he analyzed, are too low, the 
error arising from the mode of analysis employed, which was to calcine the salt with 
carbonate of soda and then separate the platinum by filtration. This method, accord- 
ing to Gerhardt, always involves a loss of platinum ; whereas if the salt be calcined 
with merely the addition of a few drops of strong sulphuric acid, the calcination may 

be effected without the slightest projection, and a very exact result obtained 

Kaewsky's platinum-determinations are too small even for his own formula 
4NH 3 ,Pt2C10 5 ,2C0 2 which requires 51-2 per cent, of platinum. 

I. SESQUIdTLOnHYDRO-PnOSPHATE OF DtPLATINAMINE. Rftewsbj's 

Phosphate (p. 309). Gerhnrdt's formula for this salt is: N 2 H 4 pt 2 , P0 4 H 3 
+ N 2 H 1 pt 2 ,ClH. 

Raewslcy. 



2Pt 


198-0 . 


49-9 


47-20 




47-10 .... 


46-9 


mi . 

Cl 


12-0 . 
35-5 . 


3-0 
8-9 


2-70 
7-84 




2-78 .... 
7-96 .... 


2-8 
8-0 


4N 


. . 5G-0 . 


14-1 


13-40 




13'43 




p 


32-0 . 


8-0 


7-38 




7-46 




40 ... 


04-0 . 


16-1 


21-48 




20-27 



















397-5 



100-0 



100-00 



100-00 



Raewslty's formula, 4W,Pt 2 C10,P0 5 ,HO, requires 46-80 p.c. platinum, 3 hydrogen, 
8-4 chlorine, 13-28 nitrogen, and 7'58 phosphorus. 

K, BlCHLORHYDRO-SULPIIATE OP DlPLATINAMINE. Gros' Sulpliate 

(V, pp. 309, 310). To this salt Gerliardt assigns tlic formula: N J H 4 pt 2 , 



Gevliai-dt has likewise obtained this compound by dissolving the 
bi-hydrochlorato of diplatinamiue in strong sulphuric acid, and heating to 
volatilize part of the acid. A large quantity of hydrochloric acid was dis- 
engaged j and, on cooling, a crystalline mass was obtained, which, by 
solution in boiling water and cooling, was converted into a crystalline 
powder composed of very short prisms. This salt yielded 45-21 per cent. 
of platinum, which agrees very nearly with that in the salt prepared by 
Gros (p. 309). 

L. CnLoniiYDRo-NiTRATE op DIPLATINAMINE. a. Sesqui-acid. 
When bi-bydroclilorate of diplatinamino is boiled for a few minutes with 
solution of nitrate of silver, and the liquid filtered at a boiling heat, the 
filtrate, on cooling, deposits a yellowish crystalline mass, which may be 
purified by recrystallization from hot water; it then forms small, hard, 
shining, rhombic tables. If too small a quantity of nitrate of silver be 
used in the preparation, the product consists wholly of the bi-acid 
aalt b. 

Dried at \ 20. Gerhardt. 



13H 


13-0 


2-93 


2-94 




Cl 


35-5 


8-02 


8-24 


8*00 


ON ,. . 


84-0 


. 18-98 


18-92 




70 .... 


112-0 


25-32 


25-23 















2NHO,N 2 H 4 pt a 1 



442-5 



100-00 



100-00 



This salt is identical with one of the nitrates obtained by Raewsky 
(BB.jj. 312) , to which that chemist assigns the formula 4NH 3 ,Pt 2 C10 5 ,2NO' 6 . 
By reference to the analyses given on page 312, it will be seen that 
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Raewsky's numbers approach very nearly to those of Gerliardt, excepting 
in the platinum, in winch, for the reason already stated (p. 318), 
Raewsky's determinations are too low. Moreover, Gerhard t analyzed a 
specimen of the salt prepared by Raewsky himself, and found it to contain 
44'G7 per cent, of platinum and 2'9G of hydrogen, the samo as in tho 
analysis above given. 

A solution of sesquichlorhydro-nitrate of diplatinamine yields, with 
oxalato of ammonia, a white crystalline precipitate of the bichlorhydrute, 
which assumes a very light yellow colour when dry ; with carbonate of 
soda it forms a white curdy precipitate. AVith phosphate of soda^ no 
immediate precipitate is formed; hut on agitation with a glass rod, white 
crystalline flakes are produced; and on rubbing the sides of the tube 
with tho rod, stria? appear, as with the ammonio-magnesian phosphate. 
A solution of the salt gives no precipitate with sulphate of soda; but if 
the mixture bo left to stand for 24 hours, a few crystalline flakes appear. 

l>. Jj-aeirf.-N 5 H 4 pt 1 ,NH0 3 ,ClH. This salt is identical with tho 
nitrate, NH 3 ,PtC10,N0 5 , obtained by Gros (AA, p. 311). Raewsky's 
nitrate of the mother-liquid (CC, p. 312), to which he assigns the formula 
2NH 3 ,PtCl0 2 ,N0 5 , is likewise tho same salt, as may be seen by comparing 
the analysis given on page 313 with that of Gros' salt AA. 

M. BlCIILOHHYDRO-CULOUOPLATIXATE OP D IPLATINAMINE. - The 

green salt of Magnus is regarded by Gerliardt as chloroplatinate* of 
diplatosamine, N 2 H 6 Pt, PtHCP ; and the yellow compound isonicric with 
it (the chlorine-compound of Ileiset's second series), as hydrochlorato of 
platosamine, jXH s Pt,HCl. As the latter, under the influence of chlorine, 
forms a salt of platinamine, so likewise the former, when similarly treated, 
yields a salt of diplatinamine, the chloroplatinous acid being at the same 
time converted into chloroplatinic acid. JBy passing chlorine gas through 
water in which tho green compound is suspended, the latter is converted 
into a red, shining, crystalline powder, which is the chloroplatinate of 
diplatosamine, N 2 H 5 Pt, PtHCP, previously obtained by Reiset. Tho 
liquid acquires a rod colour, and, if the stream of chlorine be continued, 
the red compound first produced is partly dissolved, and partly converted 
into a yellowish white crystalline precipitate. If the action of the 
chlorine be discontinued as soon as the red body has entirely disappeared, 
the liquid then evaporated, and alcohol added, the bichlorhydro-chloro- 
platinate of dipliitimiiuine separates out in the form of shining yellow 
needles or prisms. It dissolves readily in hot water. 



2Pt 


Dried 
198 . 


at 120. 
51-C9 
1-82 
37'07 
7'31 
2-11 


Gerhard t. 
51'50 
1-96 
37-23 
7-60 
1-71 
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4C1 


142 . 


2N 


28 . 


4O 


8 . 







383 



lOO'OO 



lOO'OO 



If the action of the chlorine be too long continued, the salt just 
described is attacked in its turn, and hydrochloric acid is produced, which 
then gives rise to the formation of a certain quantity of bi-hydrochlorato 
of diplatinamine and bichloride of platinum. IT 

* In Gerhardt's nomenclature, cJiloroplatinaus acid is the compound of platinous 
chloride with hydrochloric acid ; chloroplalinic acid, the compound of plixtinic chloride 
with hydrochloric acid. 
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PLATINUM AND POTASSIUM. 

A. ALLOY OP PLATINUM AND POTASSIUM. The two metals unite very 
readily, exhibiting incandescence, and forming a shining brittle mass. 
This substance, when heated in the air, burns, and leaves a yellow powder, 
which gives off oxygen when heated. The yellow substance is likewise 
decomposed by water. 

B. PLATINITE OP POTASH. 1. Hydrate of potash fused with platinum 
in a close vessel yields platinite of potash, which forms a blackish green 
solution in -water. (Berzolius.) 2. When protochloride of platinum ia 
decomposed by aqueous potash, part of the resulting protoxide dissolves in 

i, forming a black solution, which appears dark green when 



the potash, 
diluted. (Bei'zelius.) 



C. PLA.TINA.TE OF POTASH. 1. The yellow powder formed by the 
combustion of the alloy of platinum and potassium,' reddens turmeric 
paper, even after washing for any length of time; it appears, indeed, to be 
a compound of platinic oxido with potash. (H. Davy.) 

2. When platinum is heated with nitre, there are formed: (a), a brown 
compound of platiaic oxide with a small quantity of potash, insoluble in 
water; (6), a compound which dissolves in water and forms a yellowish 
brown solution; acids added to this solution precipitate the platinic oxide 
in combination with small quantities of potash and acid. (Tennant, 
Seller. J. I, 308.) 

When pla'tinum is fused with hydrate of potash and nitre, and the 
product washed with water, there remains a partly purple, partly yellowish 
oxide, which dissolves with difficulty in hydrochloric acid, leaving a 
residue of platinum. Chloroplatinate of potassium boiled down with a 
large quantity of strong potash, forms a yellow liquid, which dries up to 
a scarlet-coloured mass. When this mass is heated not quite to redness, 
and the chloride of potassium and excess of potash dissolved out, there 
remains a rusty-coloured compound of platiuic oxide and potash, which 
runs through the filter like a yellow milk, unless some salt be added to 
the wasli-water. It contains 7 per cent, of potash. It does not dissolve 
in hot oil of vitriol or nitric acid, even after several hours' digestion; the 
acids, however, dissolve out the potash. It likewise gives up its potash 
to cold hydrochloric acid. In tolerably strong hydrochloric acid it dis- 
solves gradually, forming a solution of chloroplatiuate of potassium and 
free bichloride of platinum. At an incipient red heat, the platinio oxide 
gives up half its oxygen, so that a dark-coloured platinito of potash is left 
behind. Platinate of potash detonates violently with combustible matters. 
When the above-mentioned scarlet mass is heated till it is brought into a 
state of red-hot fusion, it no longer appears red on cooling, but of a clingy 
yellow colour, inclining to greenish-brown, and after washing with water 
leaves a darker greenish-yellow compound of 1 At. potash with 5 At. 
platinum, and such a quantity of oxygen, that 1 At. platinum is combined 
with more than H At., but not quite 2 At. oxygen; at a red heat, it gives 
off water and oxygen, and leaves platinite of potash. The reddish yellow 
solution of the uuignited compound in warm hydrochloric acid, when 
mixed with a larger quantity of chloride of potassium, yields, not only 
chloroplatinate of potassium, but ultimately also, crystals of chloroplatinite 
of potassium. (Berzelius, Jahnsber, 9,110.) 
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D. SULPHIDE OP PLATINUM AXD POTASSIUM. When bisulphide of 
potassium is fused in a, platinum crucible, a compound of protosulpliide of 
potassium with sulphide of platinum is formed. This compound is green, 
and when dissolved in water, leaves a red-brown residue of sulphide of 
platinum. (Berzelius, Schw. 34, 22.) 

Aqueous. Sulphide of platinum precipitated by sulphuretted hydrogen, 
dissolves easily in hydrosulphate of potash. (Berzelius.) 

IT E. Suu'iirrn ov PLATINODS OXIDE AND POTASH. 3(KO,SO-) 
+ PtO,2SO- + 2J-HO. Chlorqplatinate of potassium heated with a 
solution of sulphite of potash, forms a solution which becomes colourless 
after u while, and, on evaporation, deposits the double salt in the form of 
a white precipitate. Hydrochloric acid reconverts it into chloroplatinate 
of potassium, with evolution of sulphurous acid. 

Claus. 
3KO ................................ 141-6 .... 34-66 .... 34-50 

5SO : ................................ 1GO-0 .... 3D-lfi .... 39-77 

Pt .................................... 99-0 .... 24-22 .... 24-25 

O .................................... 8-0 .... 1-9G .... 1-48 



408-0 



100-00 



100-00 



(Claus, Ann. Pharm. 63, 359.) 



F. SULPHATF, OP PLATINOUS OXIDE AND POTASH? When a mixture 
of sulphato of potash and platinous sulphate prepared by method (2) 
(p. 289) is evaporated, the liquid becomes decolorized, and a dark bottle- 
green precipitate is produced, which appears black and shining when 
washed and dried, and at a red heat, gives off sulphurous amd sulphuric 
acid, leaving a residue of platinum mixed -with sulphate of potash. 
(Vauquelin.) 

G. SULPHATE OP PLATINIC OXIDE AND POTASH. Basic. When 
platinic sulphate is mixed with potash till the acid reaction is destroyed, 
and the liquid boiled for a few minutes, it becomes colourless, and deposits 
this double salt, which is black-brown, strongly lustrous, tasteless, and 
permanent in the uir. It contains 78'32 platiuic oxide, 10-84 sulphate of 
potash, anil 10-84 water. At a red heat, it gives off oxygen ga?, and is 
reduced to a mixture of platinum and sulphate of potash. Dissolves 
readily in boiling hydrochloric acid; is slightly decomposed by aqua-regia; 
not attacked by boiling nitric, sulphuric, phosphoric, or acetic acid, or by 
ammonia. (E. Davy.) 

H. IODOPI/ATINATE OP POTASSIUM. A solution ofbiniodide of platinum 
in aqueous iodide of potassium is left to crystallize, and the crystals freed 
from adhering iodide of potassium by digestion in alcohol of S6 3 . 
(Lassaigne, J. Cldm. mcil. 8, 715.) 2. Aqueous bichloride of platinum is 
evaporated nearly to dryness with a slight excess of iodide of potassium, 
and the residue washed with alcohol as long as it colours the liquid. 
(Mather, Sill. Am. J. 27, 257.) 

Black, rectangular tables, with four-sided pyramids attached; per- 
manent in the air. (Lassaigne.) Black grains. (.Mather.) Gives off part 
of its iodiue when, heated above 100''. (Lassaigue.) At a red beat, it 
leaves 50-89 per cent, of platinum and iodide of potassium. (Mather.) 
Not decomposed by oil of vitriol. (Lassaigne.) Dissolves very easily in 
water, forming a solution of u fine wine-red colour. A very dilute 
VOL. vr. Y 
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solution soon turns brown, especially when exposed to light, and deposits 
steel-grey biniodide of platinum 011 the aides of the vessels. (Lassaigne.) 
This compound is precipitated after a few minutes in the form of a black 
powder, while the liquid becomes decolorized. (Mather.) Insoluble, or 
but very slightly soluble, in absolute alcohol. (Lassaigne.) 



KI 


.. 165-2 .. 


.. 32-00 


Lassaigne. 
.... 31-99 1 


Mather. 


Kane.* 
.. 38-75 


Pt 


99-0 .. 


.. 19-18 1 






.. 23-75 


21 


. . 252-0 .. 


.. 48-82 j 


.... 68-01 


W-11 


. 37-50 















KI,M 3 510-2 .... 100-00 .... 100 00 .... 100-00 .... 100-00 

* The suit examined by Kane (Phil. Mag. J. 2, 198) was obtained in the form of 



i precipitate i 

was not decomposed by evaporation ; it was also soluble in potash-ley and in alcohol, 
but not in ether. Kane supposes that it contains a scscjui-iodide of platinum. 

I. BROMOPLATINATE op POTASSIUM. Formed by adding aqueous 
bromide of potassium to aqueous bi-bromide of platinum. If the solutions 
are somewhat concentrated, the compound is precipitated in the form of a 
granular cochineal-coloured powder; but from a more dilute solution, it 
separates, on evaporation by heat, in very beautiful red crystals, and on 
spontaneous evaporation, in regular octahedrons and cubo-octohedrons. 
The salt decrepitates when heated, acquiring at tho same time a darker 
colour, and is decomposed, with evolution of bromine vapour. It is 
sparingly soluble in water; insoluble in alcohol. (Bonsdorff, Poyy. 19, 
344; 33, 61.) 

Crystallized. Bonsdovff. 

KBr 117-fi .... 31-50 .... 31-03 

Pt 99-0 .... 26-51 .... 2(i-0fi 

2Br 150-8 .... 41-99 

KBr,PtBr .... i73"i .... 100-00 

K. CHIOROVLATINITE OP POTASSIUM. A solution of tho brown proto- 
chloride of platinum in hydrochloric acid, mixed with chloride of potassium, 
yields red, anhydrous prisms, which dissolve easily in water, forming a 
reddish yellow solution, but are insoluble in alcohol, and are therefore 
precipitated by alcohol from the aqueous solution, in soft, rose-coloured 
crystalline fibres. (Magnus, Pogff. 14, 241.) 

Crystallized. Magnus. 

KC1 74-0 .... 35-69 .... 35-79 

Pt 99-0 .... 47-37 .... 46-74 

Cl 35-4 .... 16-94 .... 17-47 

209-0 .... 100-00 " 



KCl.PtCl 



100-00 



Sulphite of potash added to a cold aqueous solution of bichloride of 
platinum forms a yellow precipitate of chloroplatmato of potassium; but 
on the application of heat, the precipitate dissolves, and the decolorized 
liquid, when evaporated and cooled, deposits white crystalline grains, 
sparingly soluble in cold water; more readily in hot water. (Bcrtkier, 
N. Ann. Clrim. fhys. 7, 82.) 

L. CHLOROPLATINATE OP POTASSIUM. Precipitated in the form of a 
lemon-yellow, crystalline powder, on mixing an aqueous solution of 
bichloride of platinum with potash or a potash-salt; crystallines from its 
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aqueous solution in orange-coloured octohedrons. When very strongly 
lieateJ, it is reduced to a mixture of platinum and chloride of potassium, 
giving off nothing Ijiit n, little decrepitation-water, and the chlorine which 
was combined with the platinum. (Berzelius.) When the salt is heated 
to a temperature somewhat below its melting point, it is but partially 
decomposed, and the separated platinum remains, after washing with 
water, in the form of a black powder. If, on the contrary, it be 
fused for an hour, tho whole of the platinum, probably from welding 
together of tho powder, is converted into sliining lamiti.'u, which, as the 
chloride of potassium volatilizes, unite into a network ; but even after 
long fusion, part of the chloroplatinate of potassium remains undecom- 
posed, and dissolves in Lot water together with the chloride of potassium. 
(Jaequelain, Ann. Chin. Phys. 74, 213; also J. pr. Ghcm. 22, 22.) When 
the salt is heated in a current of hydrogen gas, complete decomposition 
ensues. (Berzelins.) On heating this salt with hydrate of potash and a 
small quantity of water, a clear liquid is formed, which at an incipient red 
heat is decomposed, with separation of platinic oxide. The salt dissolves 
sparingly, and with a pale yellow colour, in water and in aqueous acids, 
somewhat more freely when heated, and still more abundantly in aqueous 
potash. From a hot saturated solution in caustic potash, it does not 
separate on cooling, except on the addition of hydrochloric acid. (H. Rose.) 
It dissolves very easily iu a moderately warm solution of aqueous hypo- 
sulphite of soda mixed with a little free .soda; if the hyposulphite of soda 
is iu excess, aud hydrochloric acid is added to it, the platinum is com- 
pletely precipitated on the application of heat. (Hinily, Ann. Pharm. 
43, 152.) 

Berzelius. Warzer. 

KC1 74-G .... 30-52 .... 30-58 .... 29-G 

Pt 99-0 .... 4051 .... 40-43 

2C1 70-8 .... 28-97 .... 28-99 



KCl,PtCl- 244-4 .... 100-00 



100-00 



M. FLUOPLA.TINA.TE OF POTASSIUM. Formed by precipitating hydro- 
fluate of potash with less than the equivalent quantity of bichloride of 
platinum, decanting the liquid from the chloroplatinate of potassium, and 
evaporating. A dark brown deliquescent salt then separates, whieh is 
insoluble iu alcohol. (Berzelius, 1'oijcj. 1, 3G.) 

N. NITRATE or PLATINIC OXIDE AND POTASH. Basic. Potash added 
to a solution of platinic nitrate, throws down the first half of the oxide as 
a pure hydrate, and the remainder in the form of a lighter brown, basic 
double salt. (Berzelins.) 



PLATINUM AND SODIUM. 

A. ALLOY OP PLATINUM AND SODIUM. Behaves like the alloy of 
platinum and potassium. (H. Davy.) 

B. PLATINITE op SODA.' When protoehloride of platinum is decom- 
posed by excess of soda, part of the protoxide dissolves in the soda. 
From the colourless solution, nitric acid throws down a white, very bulky 
protoxide, which turns bluish grey when exposed to sunshine, and deep 
black when heated is decomposed by heat, yielding 15 per cent, of oxygen 

Y2 
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gas and before drying, is soluble without colour in excess of nitric acid. 
(Vauquelin.) 

C. PLATINATE OP SODA. From a clear aqueous mixture of bichloride 
of platinum and carbonate of soda, exposed to sunshine, or heated to 
100, platinate of soda is deposited in a few days,_in tho form of a reddish 
yello'w, partly pulverulent, partly crystalline precipitate. ( W. Dobereiner, 
Poqy. 28, 180.) If the solutions of the two salts are used in as concen- 
trated a state as possible, the mixture boiled down to dryness, and the 
residue washed with water, a denser precipitate is obtained, having more 
of an ochre-yellow colour. (Fr. Weiss & Fr. Dobcreiuer, Ann. Pharm. 

14,21.) 

Weiss & Dobereiner. 

NaO ' 3V2 .... 7'25 .... 7'4-i 

3J>t0 3 34;VO .... S0'20 .... 79'09 

CIIO 54-0 .... 12T)5 .... 12-50 

NnO^PtO'J + fiAql 430'2 .... 100-00 ~. 9<F93 

At a red heat, it first gives off water, afterwards oxygen gas, and 
loaves a black residue, from which the sodn, may be dissolved out by 
water. Tho residual black powder appears to be a mixture of platinum 
and platinic oxide; at all events, hydrochloric acid dissolves out platinic 
oxide from it. Formic acid, witli the aid of heat, converts platinate of 
soda into platinum-black, causing at the same time a brisk evolution of 
carbonic acid and formation of formiate of soda (p. 278). Heated aqueous 
oxalic acid dissolves platinato of soda, with evolution of carbonic acid, 
forming a dark liquid, which, on cooling, first becomes green and then 
dark blue, and deposits copper- coloured needles of platinous oxalate. 
Acetic acid withdraws all the soda from platinate of soda, together 
with a email quantity of pJatinic oxide, and leaves pure, ochre-yellow 
hydrate of platinic oxide. Dilute nitric acid dissolves it easily and com- 
plctely, forming a deep yellow liquid, which forms, with nitrate of silver, 
I 1 " a yellow precipitate, soluble in nitric acid. (W. Dobereiner.) Dilute 

Hi oxygen-acids extract the soda without dissolving the platinic oxide; from 

% I the denser ochro-yellow compound, strong nitric acid dissolves out nothing 

f j but soda. (Fr. "Weiss & Fr. Dobereiner.) 

D. Borax forms, with tho platinous oxide prepared by E. Davy 
(p. 282), a black glass, which afterwards becomes coloured from reduction 
of platinum. 

E. SuLPiiopLATtNATE OF SODIUM. 1. Wheu chloroplatinate of 
ammonium is fnsod with an eqnnjl weight of .sulphur and ignited carbonate 
of soda, a mass is obtained, which dissolves in water, forming a very deep 
red solution, while p:irt of the platinum is separated, 2. Sulphide of 
platinum precipitated by sulphuretted hydrogen dissolves in aqueous 
monosulphido of sodium, forming a red solution. (Vauqueliu.) 

F. SULPHITE OF PLATTXOUS OXIDE AND SODA. a. 3(NaO,S0 2 ) 
+ PtO,S0 5 . 1. Formed by precipitating sulphite of platinous oxide with 
carbonate of soda. 2. By passing sulphurous acid gas through aqueous 
bichloride of platinum till the liquid is completely saturated, then adding 
carbonate of soda, and washing the bulky white precipitate with water. 
In the dry state, it forms a white amorphous powder; in the moist state, it 
lias a tinge of yellow. Rem.ihis in the form of a white varnish when the 
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aqueous solution is evaporated. In the state of aqueous solution, it is 
neutral to vegetable colours. (Litton & Schnedermann, Aim. Pharm. 
42, 316.) 

Litton & 
Dried at 200. Schnedermann. 

3NaO 93-0 .... 28-48 .... 28-14 

PtO 107-0 .... 32-5G .... 31-87 

4S0 3 128-0 .... 38-96 .... 39-2-1 

3(NuO,SO-) + PtO,SO-.... 328-6 .... 100-00 ~ 99'25 
The salt, after drying at 100, gives off at 200, from 4-1 G to 4"28 per 
cent, of water, about = l At. Above 240, it becomes darker, and by 
continued ignition it is completely decomposed, leaving platinum, together 
with sulphate and sulphite [2] of soda. Chlorine passed through the 
aqueous solution of the salt exerts a decomposing action. Acids dissolve 
it with evolution of sulphurous acid; from the solution in hydrochloric 
acid, ammonia throws down Magnus's green amrnonio-protochloride of 
platinum; the dark sulphuric acid solution contains sulphate of soda and 
sulphate of platiuic oxide, which, when sufficiently concentrated, deposits 
metallic platinum. The solution of the salt in aqueous cyanide of potas- 
sium, deposits, ou evaporation, crystals of protocyanide of platinum and 
potassium. The solution of the salt in water is not precipitated by 
sulphuretted hydrogen or hydrosulphate of ammonia, excepting on the 
addition of an acid, which decomposes tho salt, and, slowly at ordinary 
temperatures, but immediately on the application of heat, produces a brown- 
red colour in the liquid and a deposit of sulphide of platinum. Boiling 
aqueous hydrosulpliate of ammonia or potash gradually dissolves the salt, 
and an acid added to the solution throws down sulphide of platinum. 
Boiling solution of potash or soda exerts no decomposing action on the 
salt. It is hut very slightly soluble in cold water, hut somewhat more 
soluble in hot water, so that it becomes turbid on cooling. Common salt 
throws it down from the solution in white flakes; a similar, but weaker 
precipitating action is exerted by sal-ammoniac, chloride of barium, and 
nitrate of silver. The salt is insoluble in solution of common salt and in 
alcohol. (Litton & Schnedermann.) 

b. NaO,SO- -f TtO, SO". When the salt () is dissolved in the smallest 
possible ([Uiintlty of dilute sulphuric or hydrochloric acid, and the liquid 
evaporated at a gentle heat, sulphurous acid is evolved, aud a yellowish 
powder separates, which must be washed with a small quantity of cold 
water. This salt dissolves in water, with tolerable facility, forming a 
liquid which reddens litmus slightly, and gives no precipitate with common 
salt; in other respects it behaves like (). (Litton & Schuedermann.) 



S,-leil al 100. 



Litton & 
Schuedermann. 



NllO 


31-2 .. 


.. 14-78 . 


. 15-17 


PtO .... 


107-0 .. 


. 50-GG 


50-13 


2 SO- 


Gl-0 


30-30 


SO-" 


li 


9-0 















s + I'tO,SO- + AIJ 211-2 



100-00 



G. SuLniATE OF PLATINIC OXIDE AND SODA. Uasic. Obtained like 
the corresponding potash salt (p. 32). Contains 84'] G percent, of platinic 
oxide, 7'11 sulphate of soda, aud 8'73 water. (E. Davy.) 

H. IODOPLATINATE OF SODIUM. Formed by dissolving biuiodide of 
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platinum in aqueous iodide of sodium. Lead-grey, striated needles, 
deliquescent, easily soluble in water and alcohol. (Lassaigne.) 

I. BROMOPLATINATE OP SODIUM. Prepared in a similar manner to 
the potassium-salt, Dark red prisms, permanent in the air, easily soluble 
in water and alcohol. (Bonsdorff, Pogg. 19, 34.3; 33, 61.) 



NaBr . 


Anhydrous. 
101-6 ... 


. 28-43 
27-70 
. 43-87 


Crystallized. 
NaBr .... 101-6 ... 
Pt 99-0 ... 


Bonsdorff. 
24-70 .... 25-55 
24-06 .... 23-70 
. 38-11 .... 37-11 
. 13-13 .... 13-64 


Ft 


99-0 ... 


2Br 


. .. 156-8 ... 


2Br 
6HO ... 


.. 156-8 ... 
54-0 ... 







NaBr.PtBr 2 357-4 



100-00 



+ fiAq 411-4 



100-00 



100-00 



K. CnLORorLATiNiTE OP SODIUM. Prepared like the corresponding 
potassium-salt. Red, not crystallizable ; easily soluble in water and 
alcohol. (Magnus.) 

L. CiiLORorLATiNATE OP SODIUM. Aqueous bichloride of platinum 
mixed with common salt and evaporated, yields the hydratod compound 
in aurora-red prisms and tables, which, when carefully heated, give off 
their water, and leave the dry salt in the form of an orange-yellow 
powder. This powder swells up when more strongly heated, but requires 
a very high temperature to decompose it completely, being then resolved 
into a mixture of platinum and chloride of sodium. (Vauquelin.) The 
salt dissolves very easily in water and alcohol. Sal-ammoniac added to 
the aqueous solution throws down chloroplatinate of ammonium, while 
common salt remains in solution. Potash and soda, either caustic or in the 
state of carbonate, forms with the solution a precipitate which redissolves 
in excess of the alkali. (Mnssiu-Pusclikin, Crell. Ann. 1800, 1, 01.) 

Anhydrous. Crystallized. Berzelius. Vauquelin. 

NaCl 58-6 .... 25-66 Nad.... 58-6 .... 20.75 } 

Pfc 99-0 .... 43-35 Pt 99-0 .... 35-06 L.. 80-75 .... 80 

2C1 70-8 .... 30-99 2C1 .... 70-8 .... 25-07 J 

6HO.... 54-0 .... 19-12 .... 19-25 .... 20 

NaCl.PtCl 2 228-4 ....100-00 +fiAq. 282'4 ....lOCHJO "7.7T()0-00 .... 100 

When aqueous bichloride of platinum not containing any frco hydro- 
chloric acid is mixed with a quantity of soda not quite sufficient to give 
it an alkaline reaction, and then left to evaporate spontaneously, brownish 
yellow and pearly grey lamina; are formed, which are permanent in the 
air, do not redden litmus, and dissolve readily in water, forming a dark 
brown solution. Those lamina), when gently heated, turn yellow, and 
give off 15 per cent, of water; when heated to redness, they leave 20 per- 
cent, of platinum, together with chloride of sodium. 

M. FLUOPLATINATE OP SODIUM. Gummy, dark brown; decomposed 
by contact with water into a soluble acid salt and an insoluble basic salt. 
(Berzelius.) 

N. NITRATE op PLATINIC OXIDE AND SODA. Basic. When 
solution of platinic nitrate is mixed with soda, pure hydrate of platinic 
oxide is first precipitated, and afterwards this double salt. Turns white 
when dry. (Bewelius.) 
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PLATINUM AND BARIUM. 

A. ALLOY OF PLATINUM AND BARIUM. Platinum fuses with an 
equal weight of barium before the oxy-hydrogen blowpipe, forming a 
bronze-coloured metal, which, in the course of 24 hours, decomposes and 
leaves a reddish powder. (Clarke, Gill. 02, 372.) 

B. PLATINATE op BARYTA. Precipitated on mixing a plafinic salt 
with a large excess of baryta. Light yellow powder, which, at a red 
heat, is resolved into a mixture of platinum and baryta. (Berzelius, 
Lehrb.) The hydrochloric acid solution of platinum behaves with 
baryta, both in the dark and when exposed to light, just as with lime, 
and yields a compound perfectly similar to Herschel's precipitate. 
(Fr. Weiss & Fr. DiJbereiner.) 

C. SULPHATE OP PLATINIC OXIDE AND BARYTA. Chloride of barium 
added to a solution of platinic sulphate, produces a brown, tasteless 
precipitate, which, at a red heat, gives off nothing but water. It is not 
decomposed by alkalis, dissolves in hot sulphuric ucid or aqua-regia, but 
not in water or in boiling hydrochloric or nitric acid. (E. Davy.) When 
chloride of platinum in solution is mixed with chloride of barium and 
hydrochloric acid added, the whole of the platinic oxide is precipitated 
together with the sulphate of baryta. (Berzolius, Ann. Ultim. Pkys. 
14, 370.) 

D. IODOPLATINATK OP BARIUM. Similar to the sodium-salt, but 
somewhat less deliquescent. (Lassaigne.) 

E. BROMOPLATINATI: OF BARIUM. Red prisms, permanent in dry 
air. (Bonsdorff.) 

F. GnLOROpLATixATE OP BARIUM. 1. A mixture of chloride of 
platinum and excess of chloride of barium is left to evaporate spon- 
taneously ; the resulting crystals dissolved out by a .small quantity of 
cold water, which leaves behind the greater part of the chloride of 
barium formed at the same time; the solution left to evaporate; the 
residue again exhausted with cold water, and the solution again evapo- 
rated. (Bonsdorft".) 2. Aqueous bichloride of platinum is saturated with 
baryta-water, or boiled with carbonate of baryta, and the filtrate exposed 
to the air till it evaporates to the crystallizing point; if baryta-water has 
been used, the filtrate at iirst deposits carbonate of baryta. (Berzelius, 
Le/ti-b.) 

Hydrated rhombic prisms, having the angles at their lateral edges 
equal to 107 and 73"; permanent in the air. (Bousdortf.) Light yellow 
(Berzelius); orange-yellow (Bonsdorff). They cflloresce at 70", and 
leave an opaque powder, which gives off the rest of its water at a higher 
temperature. When ignited, it leaves platinum together with chloride of 
barium. (Bonsdorff, Porjy. 17, 250.) 



Anhydrous. 
BiiCI 101-0 .... 37-9S 
Pt . . . 09-0 .... 3G-1G 


CrtislaUhed. 
Bud.... 10-f-O .... 33-57 .. 
rtCl-.... 109-8 .... 5-1 -81 .. 


Bon?dorfl". 
.. 33-56 
.. 52--18 


2C1 70-8 .... 25-86 


4HO.... 30-0 .... 11-02 .. 


.. 13-96 



BuCl.PtCl 2 273-8 ....100-00 



+ 4Aq. 309-8 ....lOO'OO .... lOO'OO 
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AVhen aqueous bichloride of platinum is boiled with carbonate of 
baryta, a heavy, orange-yellow powder is precipitated, easily soluble iu 
water: at a red heat, it first gives off water and then decomposes. 
(Bcrzcliue, Zekrb.) 

PLATINUM AND STRONTIUM. 

A. PLATINATE OP STRONTIA. Similar to platinato of baryta. 

B. CULOROPLATINATE OP STRONTIUM. Prepared like the barium- 
salt (1). Rhombic prisms, having the angles of their lateral edges about 
equal to 93 -and 87, and often forming a delicately radiated mass. 



Permanent in the air, 
water. (Bonsdorfl'.) 
Anhydrous. 
SrCl ... . - 7Q-4- - 


efflorescent in warm air, very easily 

Crystallized. 
... 31-86 SrCl 79-4 .... 24'72 . 
... 39-73 PtCl 2 .... lfiy-8 .... 52-86 . 
... 28-41 81-10 .... 72-0 ... 22-42 . 


soluble in 

Bonsclorff. 
... 2-1-64 
... 52-52 
.. 22-84 


Pt 


99-0 


2C1 . 


70-8 . 






SrCl.PtCl 2 .... 


.... 249-2 . 


...100-00 


+ 8Aci 


321-2 . 


...100-00 . 


... 100-00 



Carbonate of strontia, like carbonate of baryta, when boiled with 
aqueous bichloride of platinum, throws clown an orange-yellow, pulveru- 
lent basic salt. (Berzelius.) 



PLATINUM AND CALCIUM. 

A. PiiA/riNATis OF LIME. Hei'schel's Precipitate. Aqueous bichloride 
of platinum may be mixed in the dark with excess of lime-water, without 
producing any precipitate. So long as light is excluded, the mixture 
merely deposits a i'ew flakes after a very long time, and after that,, 
nothiug. But in sunshine it becomes milky, and forms an abundant 
white precipitate, which quickly settles at the bottom. If the quantity 
of lime is deficient, the precipitate has a pale yellow colour. Violet 
ligbt acts in the same manner as colourless light, but red or yellow light 
exerts no action ; thus, the mixture remains clear when placed in a tube 
witlmi a vessel containing sulphuric tincture of roses, or any yellow 
liquid, and exposed to the sun. (Herschel, Phil Mag. J. 1, 58; also 
Schw. 65, 262; also Ann. Pharm. 3, 317.) The precipitate is yellowish 
white. (Fr. Dobereiner.) 



CaCl + CaO,2Ptn= + 7Aq. ? 


u. 1. 


6. 1. 


2Ca 


40-0 .. 


.. lO-M 


9-0-1 


.... 9-00 


2Pt 


198-0 .. 


... 52-00 


03-02 


.... 53-70 


50 


40-0 .. 


... 10-03 


10-45 


.... 10-49 


Cl 


35-4 ., 


,.. 9-40 


9-37 


9-35 


7HO 


03-0 ., 


... 16-74 


17-65 


.... 17-37 




376'4 . 


... 100-00 


99-53 


.... 99-97 






a. 2. 


b. 2. 






CnO 


12-064 


.... 12-08 






Pt 
O 


53-023 
8-GH7 


j 62-38 






CI 


9-308 


.... 9-35 






HO 


17-Gf>0 


.... 17-37 





101-342 



101-78 
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a, 2, is the original analysis by Fr, Weiss & Fr. Dobereiuer (Ann. Pharm- 
14, 18) of the compound dried at 100; b, 2, that by Fr. Doberciner- 
(Ann. 1'harin. 14, 252.) In the columns headed a, I, and 6, \, the result 
of these ,aualyses are calculated in such a manner as to bo comparable 
with the preceding theoretical numbers. 

The compound, when heated to strong redness in a covered crucible, 
gives off water and oxygen, together amounting to 25 per cent., and is 
converted into a dark violet powder, which becomes strongly heated by 
contact with water, and from which nitric acid dissolves out the lime and 
chloride of calcium, leaving a residue of dark violet platiuous olside. 
(\V. Dobcreiner, Pogg^. 28, 180.) Hydrochloric acid readily dissolves the 
compound. Nitric acid dissolves it completely when recently precipitated, 
but if it be dry, a small quantity of platinic oxide is left. In the result- 
ing solution, nitrate of silver produces an orange-yellow precipitate, inso- 
luble in alkaline hyposulphites. (Herschel.) The compound dissolves in 
the smallest quantity of nitric acid, and sal-ammoniac added to the solu- 
tion produces no precipitate for several hours, but the precipitation, when 
once begun, goes on for several days. (Fr. Weiss & Fr. Dobereiner.) 

B. BROMOPLATINATE op CALCIUM. Scarlet prisms permanent in the 
air. (Bonsdorff.) 

C. CnLouoi'LATlNATH OF CALCIUM. An aqueous mixture of bichloride 
of platiunm and chloride of calcium, the latter not being in excess, yields, 
when allowed to evaporate spontaneously, merely dcndrites, together with 
a brownish yellow, gelatinous mass ; hut if the mixture contains an excess 
of chloride of calcium, and is evaporated at a gentle heat, it yields 
distinct crystals, which may be freed from the deliquescent crystals of 
chloride of calcium by laying them on blotting-paper. Small, slightly 
oblique prisms, the terminal i'aces of which are but little inclined to the 
adjacent faces; probably isomorphous with this strontium-salt. When 
heated, they give off their water of crystallization, and are converted into 
a yellow powder, which takes up water again when exposed to the air. 



CoCl 


Anhydrous. 
. 55-4 


24-GO 
43-90 
31-44 


Crystallized. 
CnCl 55-4 .. 
Pt 9'J-O .. 
2C1 70-8 .. 
8HO 7-> n . 


.. 18-64 

.. 33-:u 

.. 23-82 
24 ->'A 


BonsdorfT. 
.... 18-45 
.... 32-69 
.... 24-10 
'4-76 


Pt 


<j!i-o .... 


2CI . .. 


70-8 .. . 















225-2 .... 100-00 



+ SAq. 297-2 



100-00 



100-00 



PLATINUM A:SD MAGNESIUM. 

A. BHOMOPLATJNATE OP MAGNESIUM. Hydrated deep scarlet prisms, 
tolerably permanent in the air. 

B. CHLOUOPLATINATE OP MAGNESIUM. The aqueous solution of the 
two metallic chlorides yields, on spontaneous evaporation, reddish yellow, 
six-sided prisms (derived from an acute rhombohedron whoso angles are 
nearly equal to 133 3 , and needles united in silky tufts ; they are perma- 
nent in the air. When heated, they give off 4 atoms of water out of the 
six, and are reduced to a yellowish brown powder, which, when exposed to 
the air, soon regains the water which it has lost, recovering at the same 
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time its former colour, and dissolves in water with evolution of heat. 



( J301iau.uru.j 
Anhydrous, 

MgCl 47-4 .... 21-82 


MgCl 
PtCl" 


Crystallized. 
... 47-4 .... 17-48 .. 
. 169-8 .... 62-C1 .. 


Bonsdorff. 
.. 18-08 
.. Cl-OU 
.. 20-83 


Pt 


99-0 .. 


.. 45-58 
.. 32-60 


2C1 


70-8 .. 


6HO 


.. 54-0 .... 19-91 .. 



MgCl,PtCl 



100-00 



When an aqueous solution of bichloride of platinum is boiled with 
carbonate of magnesia, an orange-yellow powder is produced, which is 
insoluble in water ; aud, wlion heated to redness, leaves a mixture of 
platinum and magnesia. (Berzelius.) 

PLATINUM AND ALUMINUM. 

SULPHATE OP PLATINIO OXIDE AND ALUMINA. Hydrochl orate of 
alumina added to a solution of platinic sulphate, produces a brown, 
gelatinous precipitate, which dries up to a black, shining powder, per- 
manent in the air. This powder, when heated to redness, gives up nothing 
but water, amounting to 27 per cent. ; it is insoluble in water and in 
cold mineral acida, very slightly soluble in hot acids. (E. Davy.) 



i 



PLATINUM AND SILICIUM. 

A. SILICIDE OP PLATINUM. 1. Silicium ignited by itself in a 

platinum crucible, does not combine with its substance ; but when silico- 

fluoride of potassium is reduced by potassium, the silicium penetrates 

deeply into the crucible at the points in which the potassium touches tho 

sides. (Berzelius, Pogg, 1, 220.) 2. Platinum fuses when covered with 

charcoal powder and exposed to the beat of a powerful forge, taking up 

at the same time ^ P- c. of silicium ; but when covered with lamp-black, 

which does not contain silica, it exhibits no signs of fusion. (Boussin- 

gault, Jjerzelius.) 3. Platinum foil immersed in charcoal-powder, and 

exposed for four hours to the heat of a blast-furnaco not strong enough 

to fuse it, is likewise penetrated by silicium and loses its lustre. 

(Boussingault.) The compound of silicium and platinum is greyish 

white, hard, of granular fracture, difficult to cut or file j scratches 

plat'umm and iron, and does not become harder by rapid cooling ; (2J 

has a specific gravity of 20'5 (tfoussingault) ; 18-3 (Borzolius) ; (3) 

has a sp. gr. varying from IT'S to 18'0. (Boussingault.) When cold, 

it soon splits under the hammer ; at a red heat, it is perfectly brittle. 

Its ductility is not restored either by heating it in contact with the air, 

or by cementation with peroxide of' manganese. Dissolves in aqua- 

rcgia less easily than platinum, and with separation of a thick crust 

of gelatinous silica, which, when completely separated by evaporation 

and digestion in water, amounts to I per ceut. (Boussiugault, Ann. Chim. 

Fhys. 16, 5.) The properties of this compound account for the fact that 

Prechtl (Gill. 58, 112) found platinum fusible in the heat of a powerful 

blast-furnace, but obtained a button which had a sp. gr. of 17 '7, and was 

not malleable, especially when hot. 

B. PLATINIC SILICO-FLUOIUDE. The yellow solution of hydrated 
platinic oxide in hydrofluosilicic acid dries up to a yellowish brown gum. 
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which, when redissolved in water, leaves a brown basic salt. (Berzclius, 
2'ogy. 1, 201.) 

C. The platiuous oxido obtained by E. Davy (p. 2S2) forms a dark 
brown vitreous mass, when fused with pounded glass. 

IT A mixture of 1 pt. pulverized spongy platinum (prepared from 
chloroplatinate of ammonium) and 3 parts of a flux composed of 3 pts. 
minium, 1 pt. sand, and ^ pt. fused borax, is used at Sevres for producing 
a grey colour on porcelain. (Salvetat, N. Ann. Cldm. Phys. 23, 342.)T 



PLATINUM AND TUNGSTEN. 

A. ALLOY OP PLATINUM AND TUNGSTEN. Brittle and easily pul- 
verized. (De Luyart.) 

B. PLATINIC SULPFIOTUNGSTATE. PtS 3 ,2WS J . Aqueoun sulpbo- 
tungstate of potassium forms with platinic salts a deep red liquid, which, 
after some time, deposits a black precipitate. (Berzelhis.) 



PLATINUM AND MOLYHDKNUM. 

A. ALLOY OF PLATINUM AND MOLYBDENUM. Equal portions of the 
two metals yield a hard, brittle, shapeless lump, which appears compact 
on the fnictured surface ; it lias a light grey colour aud metallic lustre, 
4 pts. of platinum with 1 pt. of molybdenum form a hard, brittle, bluish 
grey alloy, having a granular fracture. (Hgelm.) 

B. PLATINIC SULPHOMOLYBDATE. PtS s ,2MoS 3 . Black-brown pre- 
cipitate. (Berzelius.) 

C. PLATINIC PEHSULPIIOMOLYBDATE. Dark red precipitate. (Berze- 
lius,, Porjy. 7, 280.) 



PLATINUM AND VANADIUM. 

ALLOY OP PLATINUM AND VANADIUM. A platinum crucible in which 
preparations of vanadium have frequently been ignited, becomes covered 
with a thin film of this alloy, but without alteration of colour or lustre ; 
on ignition in. contact with air, it acquires a coating of fused vauadic 
acid, which prevents the further oxidation of the alloyed vanadium. To 
clean the crucible, it is therefore necessary to remove the vsinadic acid by 
potash, again ignite it in the air, once more treat it with potash, and 
repeat these operations 5 or 6 times. 



PLATINUM AND CIIKOMIUM. 

PLATINIC OXIDE. Chromatc of potash added to aqueous 
bichloride of platinum, produces a deep red precipitate, which assumes a 
brick-red colour on drying. (Thomson.) 
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PLATINUM AND MANGANESE. 

A. BROMOPLATINATE OP MANGANESE. Dark red, six-sided prisms, 
which appear to be isomorphous with the magnesium-salt ; they are 
permanent in tolerably dry air, but deliquesce in a damp atmosphere. 
(Bonsdorff.) 

B. CIILOHOPLATINATE OP MANGANESE. Prepared like the magnesium 
salt, and similar to it in crystalline form. Colour, deeper yellow. When 
the water of crystallization is driven off, the salt crumbles to a pale 
lemon-yellow powder. (Bonsdorff.) 



Anhydrous. 
MnCl 63-4 . 
Ft !)!)() . 


... 27-19 

. . 42-45 


Crystallised. 
MnCl U3-4 . 
PtCl 2 16'J-S . 


... 22-08 . 
... f>9-12 . 
... 18-80 . 


BoiisdorlT. 
... 23-02 
... 58-63 
... 18-35 


2C1 


70-8 . 


... 30-36 


CI10 54-0 . 


MtiCl.l'tCV- 


233-2 . 


... 100-00 


+ GA (1 287-2 . 


... 100-00 . 


... 100-00 



1 
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PLATINUM AND ARSENIC. 

A. ARSENIDE OP PLATINUM. 100 parts of spongy platinum heated 
with excess of arsenic, yield 173-5 parts of arsenide of platinum, the 
combination being attended with vivid combustion. When platinum is 
heated with arsenious acid and carbonate of soda, arsenide of platinum 
and arseniate of soda arc formed. Arsonious or arsenic acid heated with 
platinum, without the addition of carbonate of soda, exerts no action on 
the metal. (Gehlcn.) Arsenic wrapped up in platinum foil, likewise 
exhibits vivid combustion before the blowpipe. (Murray, Edinb. Phil. J. 
4, 202.) The alloy is brittle, and easily fusible. When it is heated in 
the aii- for some time, at a continually increasing temperature, but not 
sufficient to melt it, the arsenic gradually burns away, and leaves a 
porous residue of platinum in a state fit for working. 

B. AHSENIATP, op PLATINIC OXIDE, or PLATISIC ARSENIATE. 
Arseniate of soda mixed with platiuio nitrate, forms a light brown 
precipitate, soluble in nitric acid. (Thomson.) 

C. PLATINIC SULI'IIARSENITE, The precipitate, which is of a deep 
yellow colour at first, gradually becomes dark brown, and black after 
drying ; its powder is dark brown. When subjected to distillation, it 
gives off part of its orpiment, then fuses, and solidifies on cooling in a 
black mass, having a vitreous fracture, and yielding a grey metallic 
powder ; at a white heat, the compound gives off more orpiment, and 
shrinks up to a lighter coloured porous lump, which still contains sulphur 
and avseuic, and fuses readily before the blowpipe. 

D. PLATINIC SULPTTARSENIATE. Both terbasic and bibasic sulphar- 
seniate of sodium form, with aqueous bichloride of platinum, a deep 
yellow liquid, which gradually acquires a dark brown colour, and 
is decolorized by green vitriol, with precipitation of a brown-black 
substance. 

Bichloride of platinum mixed with aqueous arsenious acid, and then 
with a small quantity of ammonia, forms a yellow precipitate, which 
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.soon changes to green, ami when lieated yields a sublimate of sal- 
ammoniac anil arsenious acid, and leaves metallic platinum. 

PLATINUM AND ANTIMONY. 

ANTIMONIDE op PLATINUM. 1 part of spongy platinum unites 
easily with 2 parts of pulverized antimony, the combination being 
attended with vivid incandescence ; and when tho temperature is further 
raised, the compound fuses into a steel-grey, brittle, fine-grained alloy. 
(Gelilen.) Vivid incandescence is likewise produced by wrapping 
antimony in thin platinum foil, and heating it before the blowpipe. 
(Murray.) The alloy when heated in the air, gives up its antimony 
almost wholly, and leaves malleable platinum. (Fox, Ann. Phil. 13, 
407.) 

PLATINUM AND TELLURIUM. 

PLATINIC SuLPiioTELLUium 3PtS 2 ,2TeS 2 . Sulphotellurite of po- 
tassium forms, with aqueous bichloride of platinum, a dark yellow mix- 
ture, which, after a few days, deposits the sulphur-salt in dark bine 
flakes, black after drying. (Berzelius.) 

PLATINUM AND BISMUTH. 

ALLOY OP PLATINUM AND BISMUTH. 1 "part of spongy platinum 
and 2 parts of bismuth heated together, combine readily, but without 
visible combustion, and form a bluish grey, brittle, easily fusible alloy, 
having a laminated fracture. (Gelilen.) When this alloy is fused at a, 
moderate heat, the two metals separate partial! v, according to their 
densities. When it is strongly ignited in contact with air, the greater 
part of tho bismuth burns and forms a vitreous oxide, till the residue is 
no longer fusible. 



PLATINUM AND ZINC. 

A. ALLOY OP PLATINUM AND ZINC. ] part of spongy platinum 
combines with IB to 2 parts of zinc, at a temperature below redness, 
producing vivid combustion, sometimes amounting to explosion. (Gehlen, 
Fox). Zinc wrapped up in platinum foil, and heated before the blow- 
pipe, produces more vivid combustion than any other metal under similar 
circumstances. (Murray.) The compound is bluish white, very hard, 
and easily fusible. Platinum is rendered brittle by admixture with ^ pt. 
of zinc, and zinc by ^ pt. of platinum. The alloy, when ignited in 
the air, loses the greater part of its zinc by oxidation, and at length 
becomes infusible. 

Tho black powder which remains, on treating the alloy of 1 pt. 
platinum and 4 pts. zinc with dilute sulphuric acid, is not pure platinum, 
but contains 31 per cent, of zinc : it gains 3 per cent, by ignition in tho 
air. (Boussingault, Ann. Chim. Phys. .33, 4-14.) 

B. IODOPLATINATE OF ZINC. Imperfectly crystallized, deliquescent, 
saline mass, having an astringent taste. (Lasso-igne.) 
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C. BROMOPLATINATE op ZINC. Deep red, six-sided prisms, termi. 
natcd with the faces of a rhombohedrou, and needles united in tufts; 
permanent ill the air. They aro isomorphous with the following chlorine 
compound E, and with the corresponding bromine and chlorine salts of 
magnesium and manganese. (Bonsdorff.) 

D. CHLOROPLATINITE OF ZINC. Obtained by partially precipitating 
the solution of platinum in excess of aqua-regia with zinc, continuing 
the action till the solution acquires a paler yellow colour, and evaporating 
the filtrate. Crystals of D are first produced and afterwards of E. If 
the zinc acts for a short time only, the resulting crystals consist princi- 
pally of E ; but if the action be continued, till a yellowish powder is 
precipitated together with the platinum, and the liquid be then well 
boiled and filtered, the chief product obtained is D. Small, shining, 
light yellow, tolerably hard crystals. When heated in a glass tube, 
they assume a dark orange, and afterwards a brownish yellow tint, 
without giving off water; at a higher temperature, they arc resolved, 
with transient jumping motion, into chlorine, platinum, and chloride of 
zinc. They aro hut slightly attacked by sulphuric acid. They are very 
sparingly soluble in cold water, more easily in boiling water, and are 
separated from the solution by cooling or by the addition of alcohol. 
The aqueous solution forms a brown precipitate with hydrosulphate 
of ammonia, a beautiful yellow precipitate with the hydrochloric acid 
solution of dichloride of copper, and a dingy flesh-coloured precipitate 
with nitrate of silver. (Hiinofeld, 8chw. 60, 197.) 

Or : Hiinefeld. 

ZnCl 67-4 .... 33-40 Zn 32-0 .... 15-SC .... lfl-0 

Pt 99-0 .... 49-06 1't 99-0 .... 49'OG .... 47-8 

Cl 35-4 .... 17-54 2C1 .... 70-8 .... 35-08 .... 34-6 



201-8 .... 100-00 



201-8 .... 100-00 



98-4 



E. CrrLORorLATiNATE op ZINC. 1. Prepared by the same process as 
D, the action of the zinc being continued for a shorter time only. The 
sa.lt D which crystallizes out at first, is separated from E, which separates 
later, by digestion in alcohol, which dissolves the salt E. (Hiinofeld.) 
2. Concentrated solutions of bichloride of platinum and chloride of zinc 
become very hot when mixed, and the mixture immediately deposits 
crystals of the double chloride. (Bonsdorff.) 

Large orange-yellow prisms, of the form of zircon ; they yield an 
orange-yellow powder, and have an astringent taste. (Hiinefeld.) They 
are isomorphous with the corresponding salts of magnesium and manga- 
nese. (Bonsdorff.) The crystals, when hoatod, give off water and turn 
brown, afterwards grey, and at a red heat, yield chlorine gas and sublimed 
chloride of zinc, leaving a residue of platinum. Sulphuric acid decom- 
poses them readily, with evolution of hydrochloric acid and chloriiio. 
They deliquesce in the air (Bonsdorff asserts tho contrary), and are easily 
soluble in water and alcohol. The aqueous solution gives a brown preci- 
pitate with hydrosulphate of ammonia, and yellow with the hydrochloric 



(Hiinefeld.) 
Anhydrous. 
ZnCl U7-4 .... 
Vt 90-0 .... 
2C1 70-8 


28-.11 
41-74 
29-85 


Crystallized. 
Zn 32-0 .... 
ft 99-0 .... 
'SCI 106-2 


10-99 . 
34-00 . 


Hiinefeld. 
.... 10-76 
.... 33-34 






OHO.... 54-0 .... 


18-54 





ZnCl.PtCl 2 237-2 



100-00 



*6Aq. 291-2 



100-00 



PLATINUM AND LEAD. 
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PLATINUM AND CADMIUM. 

A. ALLOY OP PLATINUM AND CADMIUM. Formed by heating plati- 
num with excess of cadmium, till the excess is volatilized. Almost silver- 
white, very brittle, very fine-grained, and refractory in the fire. Contains 
46-02 (1 At.) platinum and 53'98 (2 At.) cadmium. (Stromeyer.) 

B. CiiLQROPLATiNATE op CADMIUM. The hydrated crystals have the 
same form as those of the magnesium-salt, and are prepared in a similar 
manner ; they are of a deeper yellow colour than the magnesium-salt. 
(Bonsdorff.) 

PLATINUM AND TIN. 

A. ALLOY OP PLATINUM AND TIN. 1 part of spongy platinum and 
2 parts of tin-filings heated together, become bright red-hot and yield a 
tin-white, brittle alloy having a laminated texture. (Gehlen.) When 
tin-foil is rolled up with fine platinum foil and heated before the blowpipe 
on charcoal, combination takes placo, attended with a kind of explosion. 
(Clarke, Ann. Phil. 14, 32.0 and 470; Murray, Eduib. Phil. J. 4, 202.) 
Equal parts of the tn*o metals form a dark-coloured, hard, brittle, tolerably 
fusible alloy, having a coarsu granular structure. The alloy of 1'2 pts. 
tin and 1 platinum is somewhat malleable. 

The precipitate formed in solution of bichloride of platinum by 
protochloride of tin, is probably a compound of stannic acid and protoxide 
of platinum. 

B. STANNOUS CITLOROPLATINTTE. a. With a comparatively larye pro- 
2>ortion of tin. Deep red. Dissolves but sparingly in water, producing 
a bright red solution ; a larger quantity decomposes it into hydrochloric 
acid and a chocolate-coloured powder, which contains stannous oxide as 
well as stannous chloroplatinite, yields black crystalline grains when 
ammonia is poured upon it, and burns away like tinder, when heated, 
leaving stannic oxide and platinum. (Kane.) b. With a smaller quantity 
of tin. Greenish brown, crystalline, very deliquescent; decomposed by a 
large quantity of water into stannic oxide and platinic oxide [platinous?]. 
(Kane, Phil. Mag. J. T, 309; also J. pr. Chem. 7, 135.) 



PLATINUM AND LEAD. 

ALLOY OP PLATINUM AND LKAD. Melted lead poured into a platinum 
crucible dissolves a portion of the platinum. (Berzelius.) Lead wrapped 
in platinum foil exhibits incandescence when heated. (Murray.) 1 part 
of spongy platinum and 2'7 of lead heated to redness together", combine 
without visible combustion and form an easily fusible compound, which 
has the colour of bismuth, splits under the hammer, and exhibits a 
fibrous fracture. The alloy of 1 pt. platinum and 2 pts. lead is some- 
what more brittle. (Gehlen.) An alloy containing equal quantities of 
the two metals has a purplo colour and striated surface, and is bard, 
brittle, exhibits a granular fracture, and is altered by exposure to the 
air. When these alloys are heated to redness in the air, only part of the 
lead separates from the platinum, the separation going on indeed only so 
long as the alloy remains fusible. 
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PLATINUM AND IRON. 

A. ALLOY OP PLATINUM AND IRON. Equal weights of platinum and 
iron heated before the oxy-hydrogen blowpipe unite, with vivid emission 
of sparks, and form a shining, very hard and malleable alloy, which is 
scarcely touched by the file. In equal volumes, the two metals yield a 
brittle button. (Clarke.) Combination docs not take place in the heat 
of an ordinary tire. (Lewis, Gehlen.) An alloy of 99 pts. iron and 1 pt. 
platinum is not attacked by ordinary nitric acid. (Schonbein, Poyg. 
42, 17.) 

When equal weights of iron and platinum are dissolved in aqua-regia, 
the excess of acid expelled by evaporation, the solution precipitated by 
ammonia, and tho washed precipitate reduced in a stream of hydrogen at 
a low red heat, an alloy of iron and platinum is obtained, which imme- 
diately takes fire on exposure to tho air. If this alloy, without being 
allowed to come in contact with air, so that no combustion may take 
place, be thrown into hydrochloric acid which dissolves part of the iron, 
with evolution of hydrogen, and the residue washed with water, there 
remains a black heavy powder, containing SO'l p. c. platinum to 19-9 
iron (which may be dissolved out by boiling nitric acid) together with a 
trace of moisture, but no hydrogen. This residue takes fire in the air 
considerably below a red heat, aud burns with emission of sparks. 
Sometimes the combustion begins at the hottest part and spreads through 
the mass with a red light, as in the burning of tinder ; after the combus- 
tion, the powdor is found to have gained 1 per cent, in weight. (Boussin- 
gault, Ann. Cliim. P/iys. 53, 441.) 



B. CARBIDE OP PLATINUM AND IKON. a. IVitk Steel. a. 9 ptg. 
platinum with 2 pts. steel. Perfect alloy which does not tarnish on 
exposure to the air; sp. gr. 15'88. (3. 1 pt. platinum to 1 pt. steel. 
Takes a high polish, docs not tarnish, exhibits a highly crystalline 
structure on the surface, and has a density of 9'8(32. y. 1 pt. plntinum 
to 8 pts. steel. Finely damasked alloy. 8. 1 platinum to 10 stool; sp. 
g r . g'l. f. 1 pt. platinum to 07 pts. steel. The best adapted for cutting 
instruments. f. 1 pt. platinum to 100 pts. steel. Of uniform surface, 
and beautiful fracture ; not so hard as silver-steel, but much tougher, and 
therefore specially adapted to many purposes. (Faraday & Stodart, Gilb, 
6G, 196 ; 72, 225.) ij. 1 pt. platinum to 200 steel. Damasked alloy, very 
well adapted for razors. (Breaut.) Steel alloyed with a small quantity 
of platinum dissolves in dilute sulphuric acid much more quickly than 
pure steel. This increase of solubility is produced oven by 3- pt. 
of platinum, and is strongest with a quantity between -yi-^ and r ' ;!r . 
With j^ of platinum, the solubility is perceptibly less ; steel alloyed with 
one-half platinum docs not dissolve more quickly than pure steel ; and a 
compound of 2 parts steel with 9 platinum is not at all affected by dilute 
sulphuric acid. These alloys exhibit the same relations towards other 
dilute acids. (Faraday & Stodart, Ann. Qliim. Phys. 2], 67; comp. 
V, 210.) 

When a compound of 100 parts of steel with 1 part of platinum (or 
of any other metal insoluble in nitric acid) is treated with dilute sulphuric 
acid, and the undissolved portion, containing platinum, iron, carbon, and 
hydrogen, is boiled with nitric acid, a black residue is left. This latter 
substance, when heated to 200, detonates slightly, producing a faint 
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light, but if gradually heated, decomposes without detonation ; it dissolves 
in aqua-regia, yielding a solution containing a large proportion of platinum 
with but little irou. (Faraday & Stodart.) 

b. With, Oast-iron, platinum forms a dark, malleable, and very hard 
alloy. (Lewis.) 

C. FERROUS IODOPLATINATE. The blood-red solution of biniodide of 
platinum in aqueous protiodide of iron, leaves, when evaporated invacuo, 
a non-crystalline, deliquescent mass. The aqueous solution, when exposed 
to the air, deposits ferric oxide, and is converted into a carmine-coloured 
solution of biuiodide of platinum in sesquichloride of iron. (Lassaigne.) 

D. FERROUS CHLOROPLATINATE. Preparation and crystalline form 
of the hydrated salt, tho same as of the corresponding magnesium-salt; 
the evaporation is best performed under a bell-jar not exhausted of air. 
The dark yellow crystals become covered, on exposure to the air, with a 
red-brown powder, and their aqueous solution deposits the same substance 
when left in an open vessel. (BonsdorfT.) 
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PLATINUM AND COBALT. 

CHLOROPLATINATE op COBALT. Preparation and crystalline form, as 
with the magnesium-salt; colour, a somewhat deeper yellow. (Bonsdorff.) 



PLATINUM AND NICKEL. 

A. ALLOY OP PLATINUM AND NICKEL. Equal parts of these metals 
placed upon a piece of charcoal burning in a stream of oxygen, unitB 
quickly, and form a pale yellowish white alloy, perfectly malleable, sus- 
ceptible of a high polish, equal to copper in fusibility and to nickel in 
magnetic power. (Lampadius.) 

B. CHLOROPLATINATE OP NICKEL. Preparation and crystalline form 
of the hydrated salt, as with the magnesium-salt. Colour, greenish yellow. 
(Bonsdorff.) 

PLATINUM AND COPPER. 

A. ALLOY OP PLATINUM AND COPPER. Combination does not take 
place below a white heat. Equal weights of platinum and copper, heated 
together in the oxy-hydrogeii blowpipe flame, yield a pale yellow alloy 
having the colour aud specific gravity of gold, extensible, easily attacked 
by the file, aud tarnished by exposure to the air. (Clarke.) An alloy 
of 26 parts copper and 1 platinum, is malleable, rose-coloured, aud 
exhibits a fine-grained fracture. 

B. CHLOROPLATINATE OF COPPER. Preparation and crystalline form 
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of the liyclrated- salt, as with the magnesium-salt. The pale olive-green 
crystals are best obtained by evaporation over oil oi' vitriol in a chamber 
not exhausted of air; but if kept too long there, they effloresce and 
become greenish groy. They are permanent in a warmed winter atmo- 
sphere, but deliquesce in a summer atmosphere. (Bonsdorfi'.) 

C. ALLOY OF PLATINUM, COPPER, AND ZINC. 7 pts. of platinum 
fused at a white heat with 1G parts of copper, under a covering of borax- 
and charcoal, and then, after the crucible has been removed from the lire, 
united by agitation with 1 part of. zinc, yield a gold-coloured, highly 
extensible alloy, which does not oxidate by roasting and is not attacked 
by boiling sulphuric acid. (Cooper.) A mere trace of iron renders it less 
malleable. Oilier directions: I pt. platinum, 6 copper, 1 brass, and 
1 zinc; or, 2 pts. platinum, 2 silver, 12 copper, 1 brass, 1 zinc. (Burle, 
/. Ghim. mid. 8, 557.) 

PLATINUM AND MEHCURY. 

1 AMALGAM op PLATINUM. Hammered platinum does not take up 
mercury at ordinary temperatures, though kept in contact with it for six 
years; if heated, however, it becomes covered with a film of mercury 
which may easily be wiped off. (Daniell.) 1. The amalgam may be 
obtained by triturating spongy platinum with mercury. Bbttger uses a 
warmed mortar for this purpose ; Danioll accelerates the amalgamation 
by adding water during trituration, water containing acetic acid being 
best adapted for the purpose. 2. By immersing sodium-amalgam (con- 
taining -j-i-j sodium) in a concentrated aqueous solution of bichloride of 
platinum. Hydrogen gas is then given off in abundance, and, if the 
liquid be too much concentrated, pure platinum separates in the form of a 
soft, black powder. (Bbttger.) 3. By triturating 2 measures of platinum 
sal-ammoniac, made up into a paste with water, with about one measure 
of sodium-amalgam. The platinum sal-ammonic turns black, and gives 
off ammonia [and hydrogen] with a hissing noise; wLeu tho evolution of 
gas ceases, the formation of the amalgam is complete; it may be washed 
with water by decantatiou. (Bbttger.) The amalgam obtained by 
|,ff"'1 (1) is solid, if the platinum is in excess, but of an unctuous consistence 

* when it contains excess of mercury. At a strong red beat, the mercury 

goes off, and tho platinum remains in a finely-divided and porous state 
pDaniell, Schw. 33, 100); but if pressure has been applied during tho 
ignition, the residual platinum is fit for working. (Mussin-Puschkin, 
A. Gehl. 3, 453.) This amalgam may be used for covering copper, silver, 
and gold with platinum. (Gilb. 24, 402.) 

_When the amalgam obtained by (2) or (3), which haa the appearance of 
a viscid paste, is heated in a watch-glass by the flame of a common spirit- 
lamp, it boils up and leaves a grey, coherent mass; and this, when 
pulverized after cooling and again ignited over the alcohol flame, leaves n, 
dull black powder, which even after heating for a considerable time, still 
retains T y of mercury. The residue, boiled for several hours with strong 
nitric acid (which extracts but a trace of mercury from it even in 24 
hours), then washed with water, and dried, exhibits in a high decree 
the inflaming power of platinum on hydrogen gas aud alcohol, notwith- 
standing that it contains mercury. At a still higher temperature, the 
mercury goes off, leaving grey, coherent platinum, which no longer sets 
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fire to hydrogen. The black powder is insoluble in cold, but soluble in 
warm aqua-regia. If tbc platinum-amalgam, instead of being heated, 
be immediately digested with nitric acid frequently renewed, there remains 
a black powder mixed with a few shining particles of platinum, which 
does not set fire to a mixture of hydrogen and air at ordinary tempera- 
tures, but when heated in that mixture, becomes red hot, sets fire to the 
gas, and is converted into spongy platinum. (Bottger, J. pr. Ohcm. 
3, 278.) 

Calomel dissolves in a hot aqueous solution of bichloride of platinum, 
and the liquid, on cooling, deposits crystals, which have not been further 
examined. (Bonsdorff, Pogg. 19, 353.) Mercurous nitrate forms with 
aqueous bichloride of platinum a brown, pulverulent precipitate, which, 
when gently heated, yields a sublimate of calomel and leaves protoxide 
of platinum. (Bcrzelius, Lehrbuch.) 



PLATINUM AND SILVER. 

ALLOY OF PLATINUM AND SILVER. Silver, by combination with 
platinum, becomes less white, less malleable and harder; when the alloy 
is quietly fused, a compound richer in platinum collects at the bottom. 
Hot oil of vitriol dissolves out the silver and leaves the platinum. 
(D'Arcct.) Nitric acid always dissolves a small quantity of platinum 
together with the silver. 

When aqueous bichloride of platinum, made as neutral as possible, is 
mixed with nitrate of silver, the liquid becomes decolorized, and a yellow 
precipitate is formed, which, appears to be a compound of chloride of 
silver with basic hydrochlorate of platinic oxide [or bichloride of plati- 
num]]; this prccipitato gives off chlorine at a red heat, leaving platinum 
together with chloride of silver, and when treated with hydrochloric 
acid, gives off all its platinum, and leaves chloride of silver. ( Vauquelin.) 
The precipitate is curdy and yellow, becoming dirty white when washed. 
Ammonia dissolves out only part of the chloride of silver, leaving a 
yellow mixture of pkitiiaim sal-ammoniac and chloride of silver, from 
which boiling water first extracts pure platinum sal-ammoniac, after- 
wards the same compound mixed with a little chloride of silver; after 
ignition, it gives up all its chloride of silver to ammonia. (Herberger, 
Itepert. 55, 210.) 

PLATINUM AND GOLD. 

ALLOY OP PLATINUM AND GOLD. a. 7 pts. platinum to 3 gold. 
Infusible in the strongest blnst-furuace. Alloys containing a larger pro- 
portion of gold fuse at that degree of heat. (Priuscp.) b. I pts. platinum 
to 1 gold: brittle. (Clarke.) c. 1 pt. platinum to 1 gold: very mal- 
leable; has nearly the same colour as gold. (Clarke.) d. 1 pt. platinum 
toO'C gold: has the colour of gold and the density of platiuum. (Clarke, 
GiVj. 63, 2C9.) e. 1 pt. platinum to 11 gold: greyish white, like tarnished 
silver. (Hatchett.) 

Platinum likewise combines with I'allaJium. 
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CHAPTER XL. 

PALLADIUM. 

Besides ike Memoirs cited on p. 252: 

"Wollaston. Phil. Trans. 1804, 410; also A. Geld. 5, 175. P/iiZ. Trans. 

1805, 316; also N. Geld. 1, 231. 

Chcrievix. Phil. Trans. 1803, 4; also A. Gehl. 1, 174. 
Vauqueliu. Ann. Ohim. 88, 167; also Schw. 12, 265 ; also A. Tr. 

24, 1, 273. 

Berzelius. Schw. 7, 66 Fogg. 13, 454. 

Fischer. Schw. 51, 192. Further, Pogg.1l, 431; abstr. Ann. Pharm: 

64, 260. 



History. Palladium was discovered and investigated liy Wollaston 
in 1803. The statement of Chenevix, that it was a compound of platinum 
and mercury, was shown to be incorrect by Val. Rose & Gehlen (A . Gehl. 
1, 529), by Trommsdorff (A. Gehl. 2, 238), and by Wollaston. Berzelius 
discovered the oxide and many other compounds of palladium. 

Sourees. 1. Single grains of pure palladium are found mixed with 
the grains of platinum ore from Brazil. (Wollaston, Phil. Trans. 1809, 
1, 89; also Gilb. 36, 303.) Native palladium, mixed with gold and selcnido 
of lead, is likewise found at Tilkerode; it was at first taken for selenide 
of platinum. (Bennecke, Rieuecker, & Zinken, Pogg. 16, 491; G. Rose, 
Pogg. 55, 329.) 2. In the platinum ore from South America (amounting 
to j-J-jj- in the Peruvian ore : Wollaston), from Domingo (ScJau. 1, 364), and 
from the Ural (p. 254). 3. In combination with gold in an auriferous 
sand from Zacotiuga and Condonga in Brazil, which is mixed witli specular 
iron ore. (Cloud, Gilb. 36, 310; also Schw. 1, 370; Johnson & Lampadiiis, 
J.pr. Ohem. 11, 309.) The palladium in this ore amounts to 5 or 6 per 
Cent. (Cock.) 4. In combination with a large quantity of gold and a 
small quantity of silver, in the ore called Oro pudrc from Porpcz in South 
America; it amounts to 10 per cent. (Berzelius, Pogg. 35, 514.) 

Preparation. 1. From platinum ore: (p. 256, Nos. 3 and !); p. 257, 
No. 14; p. 261, No. 10; p. 264, Nos. 14-16; p. 267, No. 8). 

2. From the palladiferous gold of Brazil. The gold-dust is fused with 
n-n equal weight of silver and a certain quantity of nitre, whereby the 
earthy matters and the greater part of the base motals are removed in the 
ft of slag; the alloy is then cast in the form of bars; the latter again 
fnsed in a lilaok-lead crucible, stirring constantly with an equal weight of 
silver, so that the gold amounts to about one- fourth of the whole mixture. 
The alloy is tlinn very finely granulated by pouring it through an iron 
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sieve into water; the granules heated in a porcelain basia with an equal 
quantity of nitric acid and an equal quantity of water, as long as any 
action goes on; the liquid decanted, and the residual gold boiled for two 
hours with a quantity of pure nitric acid equal to two-thirds of the granules 
used, after which it is washed with hot water, dried; and fused into a button. 
From the resulting nitric acid solutions, the silver is precipitated by 
common salt. The remaining liquid being put into wooden vessels, the 
palladium and copper are precipitated by zinc; the black powder dissolved 
in nitric acid; the solution supersaturated with ammonia, which generally 
leaves undissolved a small quantity of platinum, iron, and lead; and the 
filtrate containing the palladium and copper, very slightly supersaturated 
with hydrochloric acid, whereby the greater part of the palladium is pre- 
cipitated in the form of yellow ammonio-protochloride, which is then 
washed with cold water and converted into pure palladium by ignition. 
The remainder of the palladium and the whole of the copper may be pre- 
cipitated from the hydrochloric acid solution by iron. (Johnson, J. pr. 
C/iem. ] I, 309; Cock, Phil. Mag. J. 23, 16; also Ann. fliarm. 49, 236; 
also J. pr. C/tem. SO, 20.) 

By igniting the cyanide or the ammonio-protochlorido of palladium, 
the metal is obtained in the form of a grey spongy mass. To render it 
malleable, it must either be fused in the oxygen gas blowpipe, or welded 
in the following manner: The metal is fused with sulphur the sulphide 
jf palladium melted in an open crucible with borax and a small quantity 
of nitre, in order to clean it then taken out of the crucible, placed upon 
a brick, and exposed to a low red heat, whereby it acquires the consist- 
ence of dough, and may be reduced by pressure to a flat, four-sided, or 
oval cake. The roasting, which is attended with a slow evolution of sul- 
phur in the form of sulphurous acid, is continued at a low red heat, till the 
cake becomes spongy on the surface, after whichit is left to cool thoroughly 
and then beaten with a light hammer, to give it compactness, and remove 
the spongy growths. It is then again roasted for a considerable time, 
once more gently hammered after cooling, and the same treatment again 
repeated. The operation requires the greatest care and patience, because 
the cake will not at first bear heavy blows. The hammering at length 
renders it fiat and solid enough to be passed between rollers and reduced 
to leaf of any required degree of thinness. But it always remains 
somewhat brittle, especially at a high temperature, probably because it 
retains a small quantity of sulphur. (Wollaston, Schw. 57, 81; also Pogg. 
16, 166.) Palladium may also bo rendered malleable by the process 
which Wollaston applies to platinum (p. 271), hut it never becomes so 
ductile as platinum. 

Properties. Crystallizes in sis-sided tables, with distinct cleavage 
parallel to the terminal faces. (Or. Rose.) The crystals are white, with a 
strong lustre, of almost microscopic size, and attached to laminae of native 
gold. (GK Rose.) The native palladium from Brazil exhibits a fibrous 
structure, and maybe thereby distinguished and separated from the grains 
of platinum with which it is mixed. (Wollaston.) Specific gravity of 
fused palladium, 11-04 at 18 (Cloud), 11-3 (Cock), from ll'S |to H-8 
(Wollaston); of hammered palladium, 11 '8 (Cock), 11-852 (Lampadius), 
rather more than 12-0 (Vauquelin), 12-14H (Lowry). Ductile, hut some- 
what less so than platinum; may be rolled out into thin leaves. Palladium 
prepared from the sulphide (n't/, sup.) is ductile when cold, somewhat 
brittle at a high temperature (Wollaston); that which has been rendered 
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compact by the same method as platinum, is apt to crack at the edges when 
hammered cold. (Biewend, /. p. C/iem. 23, 248.) Palladium is as hard as 
platinum. It likewise resembles that metal in colour and lustre, but is 
somewhat darker. Finely-divided palladium, floating in -water, exhibits 
a, blood-red colour by transmitted light. (Biewend.) Palladium does not 
fuse, even at the heat of a very poweiful blast-furnace; but its particles 
adhere together sufficiently to allow the mass to be afterwards hammered 
and rolled. (Vauquelin, Cock.) In an iron-assay furnace it exhibits incipient 
fusion. (Biewend.) It fuses about as easily as bar-iron. (Breaut.) Melts 
and boils when heated on a piece of charcoal ignited in a stream of 
oxygen. (Vauquelin.) 

Compounds of Palladium. 

PALLADIUM AND OXYGEN. 

A. PROTOXIDE op PALLADIUM, or FALLACIOUS OXIDE. 

Formerly called Palladia Oxide, Palladiivmoxyd. Formation. 
Bright metallic palladium assumes a violet tint when heated to dull 
redness in the air, and if the heat bo longer continued, acquires a blue 
tarnish ; at higher temperatures, however, it recovers its metallic lustre, 
and retains it if afterwards suddenly cooled, e.g. by immersion in water. 
(Breant.) Palladium obtained in the finely-divided state by reducing the 
chloropalladite of potassium with hydrogen gas, becomes covered with a 
flue blue film on exposure to the air, but does not receive any accession of 
weight which can be detected by the balance; the blue colouring is removed 
by hydrogen gas. (Berzelius.) Palladium exposed for some time to a low 
red heat, becomes covered with a friable, crust of brown protoxide, which 
however is reduced at a higher temperature. (Cock.) When heated to 
its boiling point on charcoal burning in a jet of oxygen, or before the 
oxy-hydrogen blowpipe, the metal burns, with emission of bright red 
sparks. (Vauquelin, Clarke, Ann. Phil. 17, 424.) 2. The metal is 
oxidized and dissolved by nitric acid and aqua-regia at ordinary tempera- 
tures, and slowly by boiling oil of vitriol. Palladium dissolves much less 
quickly in pure nitric acid than in that which contains nitrous acid. 
(Wollaston.) Pure palladium dissolves but slowly in nitric acid: when 
alloyed with copper or silver, it dissolves easily. The black powder 
obtained by precipitatitig a solution of palladium and copper with zinc dis- 
fcolves very easily in nitric acid, and even in heated hydrochloric or 
Sulphuric acid, (Cock.) 3. When ignited with hydrate of potash and 
nitre, it is converted into protoxide of palladium, but the oxidation is less 
easy than with the. other platinum metals. (Berzelius.) 

Preparation. 1, By heating nitrate of palladious oxide to low redness 
till ^the nitric acid is expelled. -2. By heating a palladious salt to com- 
mencing redness with carbonate of potash, and exhausting with water. 

Properties. Black lumps, having the metallic lustre and the appear- 
ance of native black oxide of manganese, and yielding a black powder. 
(Berzelius.) 

Calculation, according to Berzelius. 

Pi 53-3 .... 86-95 

O 8-0 .... 13'05 



\\" 

I",' V 



ci-8 .... lOO'OO 
(PdO = 605-899 -t- 100 = 7G5'899. Berzelius.) 
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Decomposition. Reduced to tlie metallic state at a red lieat, with 
evolution of oxygen. 

Combinations, a. Will) Water. HYDRATE OP FALLACIOUS OXIDE. 
Formed by precipitating the aqueous solution of a polladious salt with 
carbonate of potash or soda. Caustic potash throws down a basic salt, 
which dissolves iu excess of the alkali and forms a colourless solution. 
Dark brown precipitate, which gives off its water when gently ignited, 
but requires a higher temperature to reduce it to the metallic state. 
(Berzelius.) 

I. With Acids, forming the SAMS OP PALLADTOUS OXIDE, or 
PALLAUIOUS SALTS. The anhydrous oxido dissolves in acids with 
difficulty, and only after long boiling; the hydrate is easily dissolved. 
The salts are for the most part brown and red. Their taste is astringent, 
but not metallic. (Fischer.) When ignited alone, or when gently heated 
in hydrogen gas, they yield metallic palladium. The metal is precipitated 
from the solutions of these salts by the following substances: By phosphorus. 
(Fischer, Pogg. 12, 504.) By sulphurous acid, with the aid of heat. 
(Berzclius.) By nitrite of potash. A solution of palladium likewise 
becomes covered with a metallic film, when immersed for a fortnight in 
nitrogen gas separated from the air by phosphorus, and afterwards 
washed. (Fischer, fn'j'j. 17, 137, and 4SO.) By all the metals which 
reduce silver. In these reactions, it is immaterial whether the palladious 
oxide lie dissolved in hydrochloric or in nitric acid; moreover, with the 
following exceptions, the nature of the metals makes but little difference. 
If part of the palladium be reduced by tin, the liquid acquires a brown 
tint, from admixture of stannous salt, and yields a brown precipitate; 
mercury likewise forms a brown precipitate, because mercurous nitrate 
yields a precipitate of that colour with palladious salts. Silver does not 
reduce palladium. (Fischer, 1'orjg. 10, 007.) 'By green vitriol. (Wollaston.) 
The precipitation does not take place for some time, and is still slower 
when the liquid contains excess of acid; the palladium is not deposited in 
the form of powder, but covers the sides of the vessel with a specular film. 
The reaction reaches its limit with 1 pt. of palladium in 1000 parts of 
liquid. (Fischer, Sclav. 51, 197.) By boiling with alcohol. (Berzelius.) 
By formiate of potash, with the aid of heat, the metal is precipitated in 
shining lamina;. (Weiss & Dbbereiuer.) 

Phosphurettnd hydrogen gas throws down phosphide of palladium. 
This reaction distinguishes palladium from platinum, rhodium, and iridium, 
which are not precipitated by phosphuretted hydrogen. (Bottger, Bdtrcige, 
2, 117.) Hydrosulphuric acid and hydrosulphato of ammonia throw down 
dark brown .sulphide of palladium, insoluble in excess of hydrosulphate of 
ammonia, but, soluble in hydrochloric acid. 1 part of palladium in 
10,000 parts of liquid still gives a brownish yellow colouring with hydro- 
sulphuric acid. Hydriodic acid and iodide of potassium throw- down 
black iodide of palladium. In very dilute solutions, hydriodic acid first 
produces a dark brown-red colouring, and after a few hours, a black pre- 
cipitate, the colour of the liquid becoming pale-red. (Pleischl, Schw. 
43, 3SC.) 1 part of iodido of potassium dissolved in 5000 parts of water 
immediately forms a black precipitate with hydrochlorate of palladious 
oxide; in 50,000 parts of water it throws down a fow black Hakes after a 
while; and in 500,000 parts of water, nothing. (Baumaim, N. Br. Arch. 
29, 214.) 1 pt. of iodide of potassium in 400,000 parts of water still pro- 
duces a- brown colouring with iodide of potassium, and, after 20 hours, 
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throws down black flakes. (Lassaigne.) Since palladium-salts are not 
precipitated by bromide of potassium, the bromine may bo obtained from 
the liquid filtered from the iodide of palladium and freed from palladium, 
by sulphuretted hydrogen. (0. Henry, J. Pharm. 28, 216; eomp. 
L. A. Buclmer, Bepert. 78, 8.) 

Protochloride of tin forms a black brown precipitate with palladious 
salts. (Wollaston.) Metallic tin acts in the same manner, after having 
first thrown down metallic palladium. In many cases, the liquid first 
acquires a red-brown tint. The black-brown precipitate dissolves in cold 
hydrochloric acid, forming a bluish green solution (hence an acid solution 
of palladium in hydrochloric acid, when mixed with protochloride of tin, 
becomes green at first, and afterwards deposits a brown powder) ; warm 
hydrochloric digested with the precipitate, dissolves out only the tin, and 
leaves the palladium in the form of a black powder. The tin-salt sometimes 
throws down a black powder and metallic films. Limit of the reaction; 
1 pt. of palladium in 100,000 parts of liquid. (Fischer, Sckw. 51, 197; 
53, 113.) Mercurous nitrate forms at first a brown precipitate, which, 
together with the liquid, becomes darker after a while, and forms a 
metallic film on the sides of the vessel and on the surface of the liquid. 
The limit of the reaction is the production of a yellow colouring in a 
solution containing 1 pt. of palladium in 100,000 parts of liquid. 
(Fischer.) 

Ammonia added in excess to palladious salts, forms a mixture which is 

yellow at first and colourless afterwards. (Bcrzelius.) It does not exhibit 

a blue colour unless copper is present. (Fischer, Berzclius.) A small 

quantity of ammonia forms no precipitate in a solution of the nitrate; hut 

from the chloride, it throws down a copious flesh-colourod precipitate of 

ammonio-protochloridc of palladium, soluble in a larger quantity of 

ammonia. Those palladious salts which are insoluble in water, are likewise 

soluble in ammonia.. (Fischer.) Cavboutite of ammonia behaves like pure 

ammonia. (H. Rose, Analyt. Ghem.) If the hydrochloric solution does not 

contain any free acid, a large quantity of ammonia is required to dissolve 

the precipitate. (Fischer.) Potash or soda throws clown a yellowish 

brown, gelatinous, basic salt, which redissolves in an excess of the alkali, 

forming a brown solution, according to Fischer, but colourless, according 

to Berzelius. Carbonate of potash or soda, and likewise baryta, strontia, 

and lime-water, behave in a similar manner. (Fischer.) The solution 

in excess of carbonate of potash becomes dark when boiled, find afterwards 

yields a brown precipitate: excess of carbonate of soda dissolves but little 

of it. (H, Rose.) T In a more recent memoir (I'orjg. 71, 431), Fischer 

states that potash or soda added to a solution of palladious nitrate, 

either neutral or acid, throws down a brown basic salt, insoluble in 

excess of the alkali. By boiling with excess of alkali, the whole of 

the acid is removed, and hydrated palladious oxide separated. In 

a cold solution of palladious nitrate containing excess of acid, potash 

produces no precipitate at first, but after a while, the same precipitate 

appears. Alkaline carbonates form no precipitate in either of these 

solutions at ordinary temperatures; but on boiling tho liquid, nearly all 

the palladium is thrown down in the form of brown basic carbonate of 

palkdious oxide. A solution of palladious sulphate behaves in the same 

manner, both with caustic alkalis and their carbonates. The chloride 

likewise exhibits the same character with alkaline carbonates; but caustic 

alkalis produce a precipitate, which, on the application of heat, dissolves 

in excess of the alkali, forming a light brown solution. Ammonia, 
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whether caustic or carbonated, behaves in a totally different manner. In 
a solutionof the nitrate, it produces a, brown precipitate insoluble in exccBB, 
a considerable portion of the palladium, however, remaining dissolved, and 
forming a colourless solution. The sulphate, if neutral, is precipitated by 
ammonia, and the precipitate is easily soluble in excess. In a solution of 
the protochloride, excess of ammonia first produces a brown precipitate, 
which, on the addition of more ammonia, diminishes in quantity, and 
becomes peach-blossom coloured; a still larger quantity dissolves tde pre- 
cipitate, the solution taking place with facility on the application of 
heat. IT 

Phosphate and arseniate of soda form light-yellow precipitates with, 
palladious salts. (Eerzelius.) T According to Fischer, phosphate of soda 
added to a solution of protochloride of palladium, produces, after a while, a 
brown precipitate of basic chloride; araeniate of soda gives no precipitate. T! 

Alkaline oxalatos quickly throw down the palladium in the form of a 
yellow, fibrous oxalate; oxalic acid produces a similar effect in perfectly 
neutral solutions, but at the same time exerts a reducing action ; so that 
after a while a metallic film is formed. (Fischer.) Alkaline tartrates and 
citrates form light yellow precipitates in the neutral solution of the nitrate. 
(Berzclius.) Cyanide of potassium or cyanide of mercury forms a 
yellowish white, gelatinous precipitate of cyanide of palladium, which 
becomes white after standing for some time, and is soluble in hydrochloric 
acid. (Wollaston.) Ferrocyanide and ferricyanide of potassium produce 
no precipitate at first, but after some time form a thick jelly. (H. Rose.) 
The former salt produces a yellowish brown precipitate (Fischer), the 
latter a red-brown. (Since.) Gallic acid produces no effect. (Fischer.) 



B. BIOXIDE OP PALLADIUM, or PALLADIC OXIDE. PdO 2 . 

Prepared by gradually pouring an aqueous solution of caustic or car- 
bonated potash or soda on dry cliloropalhuliate of potassium, heating the 
mixture to the boiliug point, and thoroughly washing the precipitated 
oxide. 

Black. Gives off its oxygen quietly at a red heat. (Berzelius.) 

Calculation, according to Berzelius. 

P<1 53-3 .... 76'92 

2O 16-0 .... 23-08 

MO-' C!)-3 ....100-00 

(PdO 2 = 605-899 + 200 = S65-H99. Berzelius.) 

When heated, it gives off oxygen, and is reduced to tho protoxide. 
(Berzelius.) 

Combinations, a. With Water. HYDRATE op PALLADIC OXIDE. 
Chloropalladiate of potassium dissolves almost completely in cold aqueous 
caustic potash or soda, or their carbonates, forming a dark yellowish brown 
solution. This solution, when left to itself, becomes gelatinous, from 
separation of the greater part of the hydrated oxide; part of the oxide, 
however, remains dissolved, and imparts a yellow colour to the liquid. 
The dark yellowish browu hydrate, when washed with boiliug water, 
turns black, and gives oil' p;irt of its combined water; but the adhering 
potash is not quite removed \)y the washing. The hydrate, when heated, 
gives off water together with its second atom of oxygen, and with such 
violence, that it is thrown out of the retort. (Berzelius.) 
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6. With Acids, forming the SALTS OP PALLADIO OXIDE, OI-'PALLAIHC 
SALTS. The hydrate, even when moist, dissolves but slowly in acids, 
forming a yellow solution ; it dissolves without decomposition in concen- 
trated hydrochloric acid, leaving, however, a residue of ' cMoropalladiate 
'of potassium, formed from the adhering potash; on the other hand, it gives 
off chlorine when treated with dilute hydrochloric acid. Hydrosulphuric 
acid reduces aqueous bichloride of palladium to protochloride, with pre- 
cipitation of sulphur. 

Nitrate of paUadious oxide placed in the voltaic circuit, yields, at the positive pole, 
a peroxide of the metal., resembling peroxide of silver. (Fischer, Kastn. Arch. 16, 218.) 
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PALLADIUM AND CARBON. 

CARBIDE op PALLADIUM. a. Palladium fused in a crucible filled with 
lamp-black, becomes so brittle, that if struck with, a hammer while rod 
hot, it falls to powder, and gives off a white fume. (Breant.) 

b. Palladium-foil, held over the flame of a spirit-lamp which deposits 
no soot on any other metal becomes covered, in the inner part of the 
flame, where the heat does not rise above redness, with :i black powder, 
which, when removed from the foil and burnt, leaves the palladium in the 
form of a grey powder. A piece of red-hot spongy palladium laid on the 
wick of a spirit-lamp just blown out, continues to glow (aud produce acetic 
acid) as long as any alcohol remains, expanding at the same time to many 
times its original bulk, and throwing out cauliflower-like excrescences. 
This mass, when removed from the wick, burns in the air, and leaves a 
skeleton of palladium of the same form as the spongy palladium employed, 
but of ten times the bulk. A similar carboniferous palladium is formed 
by placing on the recently extinguished wick of the spirit-lamp a piece of 
palladium-foil previously ignited; whereupon the palladium continues to 
glow, as docs also the carbonaceous mass formed upon it ; and after tlie 
latter has burned away, there remains a skeleton of palladium, and under 
it the corroded foil. (Wo'hler, Pogg. 3, 71); comp. II. B. Miller (Ann. Phil. 
28, 20), who attributed this appearance to the formation of a peculiar oxide 
of palladium. 

PALLADIUM AND PHOSPHORUS. 

A. Palladium may be made to combine with phosphorus. 

B. Neutral nitrate of palladious oxide forms a light yellow precipitate 
with alkaline phosphates. (Berzelius.) Aqueous phosphoric acid, boiled 
'for a long time with palladium, deposits a shining metallic, film as it cools; 
it must therefore have dissolved a portion of the metal, which, as the 
liquid cools, is again reduced by the resulting phosphorous acid. 
(Fischer.) 

PALLADIUM AND SULPHUR. 

A. SULPHIDE OF PALLADIUM. 1. The metal, when heated with 
sulphur, combines with it, and exhibits incandescence. (Berzelius.) 
2. The sulphide is also formed by heating ammonio-protochloride of 
palladium with sulphur. (Vauquclin.) 3. By precipitating a palladions 
salt with sulphuretted hydrogen, washing the precipitate quickly on the 
filter with boiliug water, and drying .it in vacuo over oil of vitriol. 
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(Fellenberg, Fogg. 50, 65.) By (1) and (2) : bluish, white, with metallic 
lustre, very Lard; fracture shining aud laminated; fuses at the rnel ting 
point of silver. (Vauquelin). By (3) : black-brown, 
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When heated to redness in the air, it is very slowly converted into 
basic sulphate of palladtons oxide (Berzelius), and at ahigher temperature 
is reduced to pure palladium. (Berzelius, Vauquelin.) When heated in 
a current of chlorino-gas, it yields chloride of sulphur, which distils over, 
and protochlorido of palladium, part of which sublimes, and forms a rose- 
coloured sublimate, while the rest remains behind in the form of garnet- 
coloured, crystalline globules. 100 parts of sulphide of palladium yield 
127'6 parts of chloride. (Fellenborg.) 

B. SULPHATE OF PALLADIOUS OXIDE, or FALLACIOUS SULPHATE. 
a. Basic. Formed by gently igniting the sulphide in contact with air. 
Brown-red, reducible at a strong heat, easily soluble in hydrochloric acid. 
(Berzelius.) 

&. Honosulpluite.. 1. By boiling palladious nitrate with sulphuric 
acid. Red, soluble in water. (Berzelius.) Oil of vitriol docs not act on 
palladium in the cold, but when heated, dissolves it, with evolution of sul- 
phurous acid, and forms a yellowish red solution, which, if saturated, 
deposits the neutral salt, as it cools, in the form of a red powder; this 
powder dissolves with tolerable facility in water, forming a yellow solution. 
(Fischer.) ^T The coherent hammered metal is not attacked by sulphuric 
acid; but spongy or pulverulent palladium dissolves in it when heated, 
forming a brown solution; aud if the heat bo continued, the salt separates 
in the form of a brown powder. But the neutral sulphate cannot bo 
obtained in this manner, because the heat required to drive off the excess 
of acid produces decomposition. (Fischer, Poyg. 81, 431.) IT 



PALLADIUM AND SELENIUM. 

SELENIDE OP PALLADIUM. Combination between these substances 
takes place easily, and is attended with evolution of heat. The compound 
is grey and infusible, gives off selenium before the blowpipe, aud yields 
a seleniferous, greyish white, brittle, crystalline metallic button. 
(Berzelius.) 

PALLADIUM AND IODINE. 

A. IODIDE OP PALLADIUM. Palladium-foil turns black when an 
alcoholic solution of iodine is evaporated to dryuess upon it: this reaction 
distinguishes palladium from platinum, which remains bright when thus 
treated. (Berzelius.) Similarly, palladium-foil heated in iodiuo vapour 
becomes covered with coloured films, and afterwards turns In-own ; the 
application of heat or treatment with ammonia restores its brightness. 
Iodine heated in a glass tube with finely divided palladium, combines but 
imperfectly with it; and again, when palladium-foil is boiled with iodine 
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- and water, or with hydriodic acid and nitric acid, part of it remains 

? 1 unaltered. (Lassaigne.) 

Iodide of palladium is obtained in the form of a black, tasteless, and 
inodorous mass, by precipitating a palladious salt with iodide of potassium, 
washing with boiling water, and drying the black gelatinous flakes for 
24 hours in vacuo. (Lassaigne, J. Ghim. mcd. 11, 57.) 

Lassaigne. 

Pa 53-3 .... 29-73 29-72 

- I 126-0 .... 70-27 70-28 

Pdl .......Z 179-3 .... 100-00 100-00 

Iodide of palladium gives off its iodine between 800 and 360'. 
Boiling potash decomposes it, with separation of a black powder consisting 
of palladious oxide. It is insoluble in water, alcohol, ether, and aqueous 
hydriodic acid (thereby distinguished from platinum). (Lassaigne.) 

flydrated Iodide of Palladium. The precipitate formed by iodide of 
potassium in palladious salts, if merely dried in the air, instead of being 
desiccated for a long time in vacuo, shrinks up to a black friable mass 
having a smooth, conchoidal fracture, and retains ,V05 p. c. (1 At.) o 
water. (Lassaigne.) 

B. IODATE op PALLADIOUS OXIDE. lodic acid forms with aqueous 
protochloride of palladium, a scanty yellowish precipitate; iodate of potash, 
a more copious one. (Ploischl.) 

PALLADIUM AND BROMINE. 

A. BROMIDE OP PALLADIUM. Palladium dissolved in a mixture of 
hydrobromic and nitric acid yields, on evaporation, a chestnut-brown mass, 
insoluble in water, but soluble in aqueous hydrobromic acid. Bromide 
of palladium forms dark brown salts with basic metallic bromides. 
(Bonsdorff, Poyg. 19, 347.) 

B. BROMATE OP PALLADIOUS OXIDE. Hydratcd palladious oxido 
dissolves but very sparingly in aqueous bromio acid. 

PALLADIUM AND CHLORINE. 

A. PROTOCULOHIDE op PALLADIUM, or PALLADIOUS CHLORIDE. 
1. Formed by evaporating to dryness the solution of palladium in aqua- 
regia, and de-hydratiug the residua by a gentle heat. (Berzelius.) 2. By 
heating sulphide of palladium in a stream of chlorine gas. (Fellenbcrg, 
p. 347.) When prepared by (1), it is black-brown, and fuses without 
decomposition when gently heated in a glass vessel. When fused in a 
platinum vessel, it acquires a bluish green colour, by taking up proto- 
chloride of platinum. (Berzelius.) The second process yields a. rose- 
coloured sublimate, together with a non-sublimed, garnet-coloured, 
crystalline mass. (Fellenberg.) IT By evaporating the hydrochloric acid 
solution over quick lime, the chloride is obtained in red-brown, prismatic 
crystals, which, if free from nitric acid, remain perfectly dry. (Fischer.) 

Fellenherg. 

Pd 53-3 .... 60-09 fiO-2 

Cl 35-4 .... 39-91 39-8 

PdCI ~ 88-7 .... 100-00 100-0 
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When strongly heated, it is resolved into chlorine gas and metallic 
palladium. (Berzelius.) Heated in a current of hydrogen, it is easily 
decomposed, yielding palladium and hydrochloric acid. (Fellenberg.) 
With hasic metallic chlorides, it forms brown chlorine-salts, easily soluble 
both in water and in alcohol. 

Aqueous I'rotochloride of Palladium, or Hydrochlorate of Palladious 
Oxide. 1. Protochloride of palladium prepared by (2) dissolves slowly 
but completely in water, forming a deep yellowish-red liquid. (Fellcn- 
berg.) 2. Palladium dissolves gradually in hydrochloric acid, if the air 
has access to it. (Fischer.) IT Even the hammered metal dissolves 
quickly in hydrochloric acid, if chlorine gas be likewise passed into the 
liquid; if nitric acid ho added, nitrate is formed as well as chloride. 
(Fischer.) IT 3. When palladium is dissolved in aqua-regia and the 
excess of acid expelled by evaporation, there remains a brownish yellow 
crystalline mass, slightly soluble in water. (Vauquelin.) The aqueous 
solution is yellow; if, however, it contains excess of hydrochloric acid, 
which greatly increases the solubility of the chloride, it is brown-red 
(Vauquolin); according to Fischer, the neutral solution is yellowish brown. 
The solution mixed with caustic potash, or carbonate of potash, yields red 
flakes, but remains coloured till the whole is precipitated by beat. 
(Vauqueliii.) Lime-water iu the dark precipitates it but partially, and 
the filtrate, -when exposed to sunshine, still gives a, precipitate, which 
appears to be composed in a similar manner to the platinum precipitate. 
(Fr. Dobereiner, Ann. Pharm. 14, 253.) Alcohol throws down from the 
solution a black, pulverulent, basic salt [the metal 1], while the acid salt 
remains dissolved, and imparts a brown colour to the liquid. (Fischer.) 

B. FALLACIOUS OXYCJILORTDE, or BASIC HYDROCHLORATE op PAL- 
LADIOUS OXIDE. When the aqueous solution of protochloride of palladium 
is repeatedly evaporated to dryness, pai't of the hydrochloric acid escapes, 
and a hasic salt is left in the form of a dark rose-coloured powder, 
insoluble in water. (Berzelius,) Wheu a solution, of palladium in aqua- 
regia is evaporated to dryness at a gentle heat, water dissolves but a small 
portion of the residue, and the yellow filtrate soon becomes turbid, and 
deposits the whole of the palladium in the form of a brown basic salt. 
(Fischer.) 

C. BicnLoniDE OP PALLADIUM, or PALLADIC CntoniDE. Known 
only iu combination with water or with basic metallic chlorides. Wheu 
protochloride of palladium is dissolved iu concentrated aqua-regia, and 
the liquid gently heated, a black-brown solution is obtained, which, when 
mixed with chloride of potassium, forms a red precipitate of ehloro- 
palladiatc of potassium, while chlorojmlladite of potassium remains in 
solution. The solution of palladium iu strong aqua-rcgia contains protoxide 
for the most part; but a small quantity of the bioxide is likewise present 
in it, so that ou the addition of chloride of potassium, a precipitate of 
chloropalladiate of potassium is obtained. The bichloride may also be 
obtained in solution by dissolving the hydrated bioxide in concentrated 
hydrochloric acid. The potash in the hydrated oxide gives rise to the 
formation of chloropalladiate of potassium, which remains undissolvcd. 
Brown liquid, which gradually gives off chlorine, especially on dilution 
or evaporation, and is thereby converted into hydrochlorate of palladious 
oxide. (Berzelius.) 
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PALLADIUM AND NITROGEN. 



A. NITRATE OF PALLADIOUS OXIDE, or PALLADIOUS NITRATE. 
Palladium dissolves less quickly in pure nitric acid than in that which is 
mixed with nitrous acid. (Wollaston.) Nitric acid acts slowly in the 
cold, and becomes charged with nitrons acid, without giving off nitric 
oxide; when heated, it acts more quickly, and gives off nitric oxide, hut a 
large quantity of nitric acid is required to dissolve the metal. (Fischer.) 
The dark brown solution dries nj> to a brown-red mass. (Wollaston.) 
This, when ignited, leaves palladious oxide. (Borzolius.) The salt obtained 
by evaporating the solution to dryncss forms with water a dark brown 
solution, which is sometimes turbid from the first, sometimes becomes so 
after a short time, and gradually deposits nearly all the palladium in the 
form of a brown basic salt. Alcohol added to this solution likewise 
throws down a black powder. (Fischer.) 

B. AMMONTO-PROTIODIDF, OP PALLADIUM. a. With 2 At. Ammonia. 
1. The solution of 6(NH 8 ,PdI)in hot concentrated ammonia, if evaporated 
in an atmosphere of ammordacal gas, or with constant addition of ammonia, 
yields white crystals. 2. The same substance is formed by saturating with 
ammonia either the compound 6, or iodide of palladium; 179'3 parts (1 At.) 
of the latter take up 34-8 (2 At.) of ammonia, turning white at the same 
time. The crystals, when exposed to the air, quickly give off water and 
turn yellowish; even in close vessels, they become yellowish-red in the 
course of six months. (Fehling.) 

Crystallized. Feliling. 

2N 28-0 .... 13-13 12-56 
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5. With I At. Ammonia. The colourless solution of iodide of palladium 
in ammonia deposits orange-yellow crystals when exposed to the air. 
Acids, which saturate the excess of ammonia, throw down an orange- 
yellow powder having the same composition. (Lassaigno, J. Chim. niid. 
11, 62.) Protiodido of palladium dissolves easily and with rise of tem- 
perature, even in dilute ammonia, leaving only a few flakes. The pale 
yellow solution, mixed with hydrochloric or any other acid, suddenly 
becomes dark-coloured, and deposits a reddish yellow powder, which, after 
being quickly washed, must be pressed between blotting paper frequently 
renewed, and then dried in vacuo over warm sand. The compound 
resembles chloroplatinate of ammonium contaminated with chloriridiate of 
ammonium. It is permanent in the dry state, bat, when moist, is rapidly 
transformed into a red crystalline mass, having the same composition. 
This conversion often begins even during washing, or while the compound 
is undergoing desiccation either in vacuo or by hoa,t unless it has been 
previously pressed between paper aud is completed in a few days. The 
reddish yellow compound is likewise converted into the red crystalline 
modification by continued boiling with water, or by a trace of ammonia 
going off at the fame time, and the water, when evaporated, deposits a 
reddish substance. Boiling nitric acid dissolves the reddish yellow com- 
pound with evolution of iodine, and converts it into palladious nitrate. 
(Fehliug, Ann. Pltarm. 39, 116.) 
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C. Aar.MOMo-pnoTociiLOiunE OF PALLADIUM. a. With 2 At. Am- 
monia a. Anhydrous. 100 parts of the yellow compound C, 6, ft absorb 
from 15-57 to IG'73 parts of dry gaseous ammonia. (Fehling.) 

ft. Hydmted. 1. 100 parts of the yellow compound C, b, (3, quickly 
absorb from 24-15 to 24-71 parts (1 At.) of moist ammoniacal-gas, the 
colour changing to white, and the absorption being complete in 24 hours. 
Tho red compound C, 6, a, absorbs moist ammonia very slowly, but does 
not take np quite 1 At. of it, even in several weeks ; its colour also 
changes only to dirty white. 2. The solution of either the yellow or the 
red compound in aqueous ammonia, if evaporated with frequent addition 
of ammonia, yields wliito crystals, likewise consisting of 2NH 3 ,PdCl,HO. 
Tlio white compound heated to 120 gives off 1 At. ammonia and 1 At. 
water. The crystals are easily soluble in water, and acids added to the 
solution throw down, after a few minutes, remarkably fine crystals of the 
yellow compound C, 6, ft. (Fchling.) 

n. Anhydrous. (3. HytJraied. Feliling. 

2NH 3 34-0 .... 27-71 2NH 3 .... 3-1-0 .... 25-82 .... 25-77 

PdCl H8-7 .... 72-29 PdCl .... 88-7 .... 67'35 .... 
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1). With i At. Ammonia. a. Red. Discovered by Vauqueliu. 
1. Obtained in the course of Vauquelin's treatment of platinum ore 
(p. 257, No. 14). 2. A moderately concentrated solution of protochloride 
of palladium forms the same red precipitate with a slight excess of 
ammonia. (Vauquelin, Fehling.) Soft, rose-coloured scales. (Vauqnelin.) 
When heated to 100 in the moist state, it is for the most part converted 
into the following yellow compound B', in the dry state, on the contrary, 
it retains its colour at ISO", hut at 200', turns yellow, without loss of 
weight, assuming, however, a paler colour than it does when water is pre- 
sent. (Fehling.) At a higher temperature, it fuses, giving off sal- 
ammoniac and chlorine [or perhaps hydrochloric acid and nitrogen gas], 
and leaves from 40 to 42 per cent, of metal. (Vauquelin.) Insoluble in 
cold water. (Fischer, Fehling.) Dissolves in boiling water, undergoing 
decomposition, and leaving a small brown residue. This residue contains 
G4'1S per cent, of palladium and 14'85 per cent, of chlorine; if the 
deficient 20-97 per cent, bo reckoned as ammonia, the residue must be 
supposed to consist of Pd'Cl.SNH 3 ; but the analysis was made with too- 
small a quantity to render it worthy of much reliance. The aqueous 
decoction, on cooling, deposits the following yellow compound which 
may likewise be precipitated by hydrochloric or nitric acid and retains 
sal-ammoniac in solution. (Fehling.) It dissolves in water containing 
hydrochloric acid, slowly in the cold, quickly when heated, ami forms a 
solution of chloropallttdiatc of ammonium. (Vauquelin.) It dissolves 
easily in rather concentrated hydrochloric or nitric acid, forming a brown 
solution. (Fischer.) From the nitric acid solution, ammonia re-prei-ipi tales 
the. red crystals; and the nitric acid solution, when evaporated to dryne.s.s, 
leaves a brown red residue, easily soluble in water, and probably consisting 
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of a mixture of palladious nitrate and ammoniacal salt. (Fehling.) It 
dissolves in ammonia only after continued boiling; acids added to tho 
solution throw down the yollow compound. (Fischer, Fehling, A.nn. 
Pharm. 39, 110.) 

/3. Yellow. First obtained by Fischer. 1. Formed by supersaturating 
aqueous protocbloride of palladium with a quantity of ainmonia sufficient 
to redissolve the precipitate, and evaporating or, better, by treating the 
solution with a sufficient quantity of hydrochloric acid to precipitate the 
compound. Tho same treatment may likewise bo adopted with the 
solution of the red compound or of chloropallaclito of ammonium. (Fischer.) 
Berzelius likewise supersaturates the aqueous solution of protochloi-ide of 
palladium with ammonia, and evaporates the solution, which is yellow at 
first, but afterwards becomes colourless, to dryness; on digesting the 
residue in water, the yellow compound remains nndissolved. When the 
red compound is prepared by (2), and the liquid filtered from it is mixed 
with hydrochloric or nitric acid, a precipitate of the yellow compound is 
likewise formed. (Fehling.) 2. The red compound is converted into the 
yellow by heat (Fehling, p. 351); also by olution in ammonia and re-pre- 
cipitation by hydrochloric acid. (Fischer.) 

Yellow powder, consisting of fine needles (Fischer); yellow crystalline 
(Fehling) ; light lemon-yellow crystalline powder (Lampadius) ; yellowish 
green (Berzelius). 

When heated in a retort, it first gives off ammonia, then hydrochloric 
acid and nitrogen gas, and, finally, sal-ammoniac; while 50 per cent, of 
palladium remains behind. (Berzelius.) The salt, when thus treated, first 
turns green, and then yields grey metallic palladium. (Lampadius.) 
Insoluble in water; sparingly soluble in hydrochloric or nitric acid, and 
only when heated ; dissolves easily in cold ammonia. (Fischer, Schw. 
51, 201.) On boiling tho compound with water; and then leaving it to 
cool for several hours till its temperature falls to 1 6, one part of it remains 
dissolved in 382 parts of water. (Lampadius.) Dissolves in nitric acid, 
and forms a brown solution, which behaves like the nitric acid solution of 
the red compound. Dissolves in ammonia much more easily than the red 
compound, and is again precipitated yellow by acids. (Fehling.) 
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D. CULOROPALLADITE OF AMMONIUM. First obtained by Wollaston. 
1. A solution of palladious oxide in hydrochloric acid is mixed with sal- 
ammoniac, and evaporated to the crystallizing point. (Wollaston.) The 
solution mast contain an excess of acid; otherwise, nothing but a mixture 
of sal-ammoniac and chloride of palladium will be obtained. (Fischer.) 
2. The red variety of ammonio-protochloride of palladium is dissolved in 
hydrochloric acid, and the liquid evaporated. (Fischer.) The wash-water 
of the annnonio-pi-otochloride of palladium obtained by the process 
described in No. 14, p. 257, often yields these crystals on evaporation. 
(Vauquelin.) Yellowish green, four-sided, and, according to Vauquelin, 
six-sided prisms and needles, exhibiting a peculiar play of colours. 
(Wollaston.) Dissolves easily in water, forming a dark red, or, according 
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to Fischer, a yellowish brown solution. Insoluble in strong alcohol 
(Wollaston, A. Ge/il. 5, 18C), but slightly soluble in that which contains 
water. (Fischer.) 

E. CiiLonorALLADiATE OP AMMONIUM. Formed by mixing the 
solution of palladium in aqua-regia with sal-ammoniac, and evaporating 
at a gentle heat. The substance which remains is similar to tho cor- 
responding potassium compound, and like that substance, sparingly soluble 
in water. (Berzelius.) 

F. NITRATE op PALLADIOUS OXIDE AND AMMOXIA. When palladious 
nitrate is evaporated to dryuess, and the residue boiled with excess of 
ammonia, tho basic compound a separates out, while the neutral compound 
i remains in solution. 

a. Dark brown powder, exhibiting the metallic lustre. Dissolves 
easily in hydrochloric acid, and leaves crystals of ammonio-protochloride 
of palladium on evaporation. Dissolves in hot, but not in cold nitric acid. 
Insoluble in water, and also iu ammonia, even at a boiling heat. (Fischer.) 

b. May also be obtained by adding ammonia to an acid solution of 
palladious nitrate, till the precipitate is redissolved, and evaporating the 
greenish brown solution (colourless, according to Berzelius) to the 
crystallizing point. . Crystals of nitrate of ammonia mis with the product, 
their quantity being larger in proportion to the excess of acid in tho 
original solution; but they are easily separated, in consequence of their 
deliquescence and easy solubility in water. Transparent and colourless, 
shining, four-sided prisms and laminze. (Fischer.) When the solution is 
evaporated to dryuess, the compound remains in pearly scales. (Berzelius.) 
When heated, it fuses and detonates slightly, with emission of light. 
Decomposed by hydrochloric acid, which soon separates from it tlie yellow 
ammonio-protochloride of palladium (p. 351). Easily soluble in water. 
With nitric acid it forms a clear yellow solution. Dissolves easily in 
ammonia, forming a colourless solution. Insoluble in alcohol. (Fischer.) 



PALLADIUM AND POTASSIUM. 

A. SULVIIATE OP PALLADIOUS OXIDE AND POTASH. Palladium, like 
rhodium, dissolves in fused bisulphate of potash. (Berzelius.) 

B. IODOPALLADITE OP POTASSIUM. The wine-red solution of prot- 
iodide of palladium in aqueous iodide of potassium, yields, on evaporation, 
blackish grey, deliquescent cubes. (Lassaigne, /. C'liim. med. 11, 61.) 

C. BiioiropAi.r.ADiTE OP POTASSIUM. The mixed solution of proto- 
bromide of palladium and bromide of potassium, yields, on evaporation, 
dark brown needles, which arc permanent in tho air, and form a dark 
brown solution iu water. (Bonsdorft", fogy. 19. 347.) 

D. CiitoRoi'ALLADiTE OF POTASSIUM. 1. Formed by dissolving 
palladium in hydrochloric acid mixed with nitre. (Wollaston.) 2. By 
mixing a solution of palladium in aqua-regi.t, freed by evaporation from 
excess of acid, with chloride of potassium. If the solutions are strong, the 
salt is immediately precipitated in golden-yellow needles; if they are more 
dilute, it crystallizes on evaporation. (Bcrzulius.) Four-sided prisma, 
which appear red when viewed by light transmitted along the axis, but 
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liglit-green in all othor directions. (Wollastou.) Their crystalline form 
is the same as that of the corresponding platinum-salt (p. 322). The 
prisms are greenish brown, aud exhibit no appearance of dichroism. 
When heated, they fuse, with some loss of chlorine; and on cooling, 
solidify in crystals, having the same form and colour, but leaving a certain 
quantity of palladium when dissolved in water. They cannot be com- 
pletely separated from mechanically adhering water by heat, because a 
portion of the hydrochloric acid goes off with the water, and palladious 
oxide is consequently set free. (Borzclius.) When the compound is heated 
to redness, the palladium remains, in scales united in spongy masses, 
together with chloride of potassium. (Biowend.) Sulphurous acid or 
alcohol reduces the palladium at a boiling heat. (Berzelius.) The colour- 
less solution of the salt in ammonia yields, on evaporation, colourless 
needles, mixed with a yellow powder, into which also the entire mass 
is converted when evaporated by heat. This yellow powder, in addition 
to ammonia and chlorine, contains 57 '/> per cent, of palladium. 
(Berzelius.) The salt dissolves easily, and with a dark rod colour, in 
water, but not in alcohol. (Wollaston.) It dissolves even in spirit or 
sp. gr. 0'S4, but very sparingly in absolute alcohol, by which indeed it is 
precipitated from a solution saturated while hot, in golden-yellow shining 
laminao. From the solution in hydrated alcohol the metal is precipitated 
on boiling. (Berzelius.) 

Crystallized. Berzelius. 

KC1 74-fi .... 4.VG8 45'89 

Pel 53-3 .... 32-04 32-63 

Cl 35-4 .... 21-68 21-42 

KCl.PdCl 103-3 .... 100-00 100-00 

According to Thomson, it contains 26'4 potash, 3.5'2 palladious oxide, 
35-6J hydrochloric acid, and 2-79 water. 

E. CIILOROPALLADIATE OF POTASSIUM. When a solution of chloro- 
palladite of potassium in aqua-regia is evaporated, nitric oxide is giveu 
off, and this compound separates in small regular octohedrons, which are 
vermilion-coloured when very small, but brown-rod when somewhat 
larger. Chloropalladiate of potassium, when heatod, fuses, gives off 
chlorine, and is converted into chloropalladite of potassium. Aqueous 
ammonia decomposes it, with evolution of nitrogen, and likewise converts 
it into chloropalladite of potassium. Whon boiled with alcohol, which 
has no action upon it in the cold, it is decomposed, with evolution of 
ethereal vapours. When boiled with water, it gives off chlorine, ami 
deposits hydrated palladia oxide, the liquid retaining free hydrochloric 
acid; by longer boiling, it is completely reduced to chloropalladito of 
potassium. In a stoppered bottle, however, it dissolves in boiling water, 
forming a dark-coloured solution, from which it separates out on cooling, 
the separation being attended with partial decolorization of the liquid, 
which still retains chloropalladite of potassium and free chlorine. In cold 
water, it dissolves with difficulty, forming a yellow solution, which contains 
a small portion of undccomposcd salt, but mainly consists of chloropalladite 
of potassium and free chlorine. The chloropalladiate dissolves without 
decomposition in dilute hydrochloric acid, and is left unaltered when the 
liquid is evaporated. It is insoluble in water containing sal-ammoniac, 
chloride of potassium, or common salt, and likewise in alcohol. (Berzelius,) 

F. FiuorALiADiTE OF POTASSIUM. Precipitated ou mixing palladious 
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nitrate -with fluoride of potassium. Light yellow, sparingly soluble in 
water. (Bcrzelius.) 

IF G. NITRITE OP PALLAIMOL'S OXIDE AND POTASH. Formed by 
adding nitrite of potash to a solution of protocliloride of palladium, till the 
brown colour change* to yellow, and evaporating the liquid to dryness. 
Forms yellow prismatic crystals. (Fischer.) T 



PALLADIUM AND SODIUM. 

A. CIILOROPALLADITE op SODIUM/ Red, deliquescent, soluble in 
alcohol. (Wollaaton.) 

B. FLUOPALLADITE op SODIOM. Similar to the potassium-salt. 

^ C. NITRITE OP PALLADIOBS OXIDE AND SODA. Fibrous salt, 
obtained in a similar manner to the corresponding potassium-compound. 
(Fischer.) ff 



PALLADIUM AND BARIUM. 

A. ALLOY OP PALLADIUM AND BARIUM. The two metals unite before 
the oxy-hydrogen blowpipe. Silver-white; becomes covered with oxide 
in the course of 24 hours. (Clarke, Gilb. G2, 373.) 

B. BROJIOPALLAIHTE OF BARIUM. Dark brown iieedles, permanent 
in the air, and forming a dark browu solution in water. (Bonsdorff.) 

C. CriLOKorALLADiTE OP BARIUM. A solution of palladium in aqua- 
rcgia is mixed with chloride of barium and evaporated to dryness, to drive 
off the excess of acid the residue dissolved in water and the solution 
left'to evaporate under a bell-jar, in a vessel standing over oil of vitriol. 
Brown, effloresced radiating, crystals and dendrites, easily soluble both in 
water and in alcohol. (Bonsdorlf. ) 



PALLADIUM AND CALCIUM. 

A. Palladite of Lime.? Hydrochlorato of palladious oxide saturated 
with lime-water, and filtered in the dark, yields, on exposure to sunshine, 
a precipitate containing lime. (Fr. Weiss & Fr. Dobereiuur.) 

B. CIILOHOPALLADITE OP CALCIUM. Light brown, deliquescent prisms, 
soluble in alcohol. (Bousdortf.) 



PALLADIUM AND MAGNESIUM. 

CHLOHOPALLADITE OP MAONESIUM. Brown needles, vlncli deliquesce 
in ratliet damp air, and are soluble in alcohol. (BousilorfT.) 
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PALLADIUM AND MANOANESE. 

A. BROMOPALLADTTE OP MANGANESE. Dark brown needles, per- 
manent in the air, and forming with water a solution of the same colour, 
(Bonsdorff.) 

B. CHLOHOPALLADITE OF MANGANESE. Brown-black cubes, per- 
manent in the air, or rhomboliedrons, nearly approacliing to the cubical 
form; soluble in water and alcohol. (Bonsdorff.) 

PALLADIUM AND ARSENIC. 

A. ARSENIDE OP PALLADIUM, Combination between these metals is 
attended with evolution of heat. (Fischer.) The alloy is brittle and 
fusible. (Chenevix.) 

B. ARSENIATE OP PALLADIOUS OXIDE. Neutral nitrate of pallmlions 
oxide forms a light yellow precipitate with alkaline arseniatcs. (Beraelius.) 



PALLADIUM AND ANTIMONY. 

ANTIMONIDIS OP PALLADIUM. These two metals form a brittle alloy, 
tlie combination being attended with evolution of light and heat. 
(Fischer.) 

PALLADIUM AND BISMUTH. 

ALLOY. Formed of equal portions of the two metals. Grey, brittle, 
nearly ns hard as steel; sp. gr. 12'587- (Chonevix.) 



PALLADIUM AND ZINC. 

A. ALLOY. These two metals form a brittle alloy, the combination 
being attended with evolution of light and heat. (Fischer.) 

B. BROMOPALLADITE op ZINC. Dark brown compound, which forms 
with water a solution of the same colour. (Bonsdorff.) 

C. CHLOROPALLADITE OP ZINC. Very deliquescent needles, of a 
chestnut-brown colour, and united in radiated masses. (Bonsdorff.) 




PALLADIUM AND CADMIUM. 

CHLOROPAT.LADITE OP CADMIUM. Light brown, delicate needles, per- 
manent iu the air. 

PALLADIUM AND TIN*. 
ALLOY. Combination takes place with evolution of light and Iicnt, 
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(Fischer.) In equal parts: Greyish white, softer than bar-iron, very 
brittle; fracture fine-grained j sp. gr. S - 175. (Chenevix.) 

PALLADIUM AND LEAD. 

ALLOY. Combination between these metals is attonJed with evolution 
of light and heat. (Fischer.) Grey, very hard and brittle; fracture fine- 
grained; sp. gr. 12'0. (Chenevix.) 



PALLADIUM AND IKON. 

A. ALLOY. Brittle. 

B. CARBIDE OP PALLADIUM AND IRON. ] part of palladium forms, 
with 100 parts of steel, an alloy which is well adapted for cutting 
instruments requiring a perfectly smooth edge. (Faraday it Stodart.) 



PALLADIUM AND NICKEL. 

A. ALLOY. The two metals unite before the oxy-hydrogen blow- 
pipe. The alloy has a remarkably strong lustre, and is very extensible. 
(Clarke, Gilb. 62, 359.) 

B. CnLOROPALLADlTR OF NICKEL. Greenish brown rhombohedrons, 
or perhaps very slightly inclined prisms; permanent in rather dry air. 
(Bonsdorff.) 

PALLADIUM AND COPPER. 

ALLOY. Combination takes place without evolution of light and heat. 
(Fischer.) 4 parts of copper with 1 part of palladium form a white, 
ductile alloy. (Cock.) Equal parts of the two metals form a yellowish 
grey, brittle alloy, harder than bar-iron, and of specific gravity 10'392. 
(Chenevix.) Equal volumes of the two metals heated together before the 
oxy-hydrogeu blowpipe form a jialc-colourcd alloy, which takes a very 
high polish, is easily attacked by the file, and fuses with tolerable facility. 
(Clarke.) 

PALLADIUM AND MEncunr. 

AMALGAM OP PALLADIUM. By decomposing the aqueous solution of 
a palladium-salt with excess of mercury, agitating the two together for a 
considerable time, a soft amalgam is obtained. (Wollaston.) If the 
palladium-salt is in excess, the amalgam takes the form of a, grey powder, 
which contains 2 At. palladium to 1 At. mercury, and does not give up 
its mercury at a red heat, but only when heated to whiteness. (Berzelius.) 



PALLADIUM AND SILVEH. 

ALLOY. Combination between these two metals is not attended with 
evolution of light and heat. (Fischer.) The alloy formed of equfil weights 
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of tho two is grey, harder than silver, softer than iron, and has a specific 
gravity of H -29. (Ghenovix.) 

PALLADIUM AND GOLD. 

ALLOY OP GOLD AND PALLADIUM. The two metals combino without, 
evolution of light and heat. (Fischer.) a. I pt. of palladium to 1 pt. of 
gold : Grey, as hard as bar-iron, hut less ductile than either of tho com- 
ponent metals; fracture coarse-grained; sp. gr. 11 -079. (Cbencvix.) 
b. 1 pt. palladium to 4 pts. gold: White, hard, ductile. (Cock.) c. 1 pt, 
palladium to 6 pts. gold : Nearly white. (Wollaston.) 

B. ALLOY op GOLD, SILVER, AND PALLADIUM. The Oro pudn 
(impure gold) from Porpez in South America consists of grains of gold, 
with numerous edges, and of an impure gold colour; they fuse before tho 
blowpipe, without imparting any colour to borax, and are malleable after 
cooling. (BerzeliuSj Pogg. 35, 514.) 



Pd.. 
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Bcrzelius. 

4-17 

9-85 

85-98 



100-00 



PALLADIUM AND PLATINUM. 



ALLOY. Equal weights of tbo two metals unite somewhat below tho 
melting point of palladium, and form a grey alloy, having the hardness 
of bar-iron, and a specific gravity of 1. 5'1 41 3 it is less ductile than the 
alloy of gold and palladium. (Chenevix.) 



CHAPTER XLI. 

EHODIUM. 



Besides the Memoirs died on p. 252 : 

Wollaston. Pldl. Trans. 1804, 419; also Gill}. 5, 175. 

Vauquelin. Ann. CMm. 88, 167; also Sclav. 12, 2G5. 

Berzelius. Ann. Phil. B, 252; also Schw. 22, 317. Poyy. 33. 437. 




History. Discovered by Wollaston in 1804; examined principally by 
Berzelius. 

Sources. In tho platinum ore of South America, Domingo, and the 
Ural (p. 254) ; in the Peruvian ore, according to Wollaston, it am6unts 
Tire- 
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Preparation. According to Wollaston (pp. 256, 257, No. 10) ; 
according to V:uiquelin (p. 2,57, as far as JS'o. 1C); according to Bcrzelius 
(pp. 200, 2G1, Nos. ami 17, and p. 2(5;>, No. 1720). 

Properties. Specific gravity, somewhat above 11 '00. (Wollaston.) 
According to Yauqiiclin, it is a grey powder, which docs not fuse upon 
charcoal ignited in a stream of oxygen gas, lint hecomes somewhat 
coherent, .silver-white, and brittle. According to Faraday & Stodart 
(Ann. (Aim. Phys. 21, (53) it fuses imperfectly in the forge-h're. 
According to Cloud, it fuses before the nxy-hydrogen blowpipe into a 
Ktecl-grey, hard, brittle globule, having a density of 11'2. According to 
Clarke (Ann. Phil. 17, 424), rhodic oxide and chloride of rhodium ignited 
in tho oxy-hydrogen blowpipe flume, yield a silver-coloured, perfectly 
malleable globule, combustion taking place at the saino time, accompanied 
by a green light, and part of the metal volatilizing. la former trials 
Clarke obtained only a partially malleable bead. 



Compounds of 
RnoDiojr AND OXYGEN. 
A. PROTOXIDE op RHODIUM, or Rnomous OXIDE. RO. 

Formed by igniting tho metal in contact with air. Under these cir- 
cumstances, 100 parts of rhodium quickly increase, by conversion into 
protoxide, to 115'3 parts; then slowly, if the ignition he continued, to 
118-07 p.'irts, a black powder being formed, consisting of oRO,R 5 3 . 
(Berzelius.) 

Black powder, which does not acquire tho metallic lustre by pressure. 



U. 
O. 



86-67 
13-33 



RO GO .... 100-00 

(R0= G51-387 + 100 =751-387. Berzelius.) 

Reduced by very strong ignition, but oxidates again at a lower tem- 
perature. When heated with sugar, it is reduced with slight detonation, 
but oxidates again, if quickly removed from tho fire. (Bcrzelius.) 

B. RiioDioso-imonic OXIDE. 

a. 3RO,R 5 3 . The powder -obtained by continued ignition of pul- 
verulent rhodium in contact with the air. (Herzelius.) 

b. 2RO,R-Q 3 . By decomposing --j-eliloridc of rhodium with boiling 
potash, a gelatinous, yellowish brown-grey hydrate is obtained, which 
must be composed of 2110,H"0 3 , but contains likewise a small quantity of 
potash. It is but slightly altered by cold hydrochloric acid, which colours 
it yc-llow; but the same acid, at a boiling heat, turns it red, and converts it 
into sesqnichloridc of rhodium, which dissolves, and protochloride, which"* 
for the most part remains uudissolvcd. Tho hydrate dissolves in excess 
of potash, forming a yellow solution. 

c. 2RO,3R 2 3 '? When a mixture of chlororhodiatc of potassium and 
excess of carbonate of soda, is heated not quite to redness, a gas is evolved 
containing 1 volume of oxygen and from 21 to 2C volumes of carbonic 
acid. (Berzelius.) Supposing now that the real proportion by volnmn of 
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the carbonic acid to the oxygen is 24 : ], the proportion in atoms will be 
12;] (inasmuch as carbonic aciil gas is monatomic, and oxygon bi-atomic); 
that is to say, 12 At. carbonic acid to 1 At. oxygen. Henco the reaction 
may perhaps be expressed by the following equation: 

4R 2 CP + 1 2CNaO,C0 2 ) = 12NaCl + 2RO, 3U=0 3 + 12C0 2 + 0. 
C. SESQUIOXIDE OF KHODIUM, or RHODIC OXIDE. R 2 3 . 

Metallic rhodium scarcely dissolves in any acid ; aqua.-ro.gia dissolves 
it when alloyed with bismuth, lead, copper, or platinum (not when com- 
bined with gold or silver). (Wolhiston.) It likewise dissolves in fused 
bisulphate of potash. (Berzelius), and in fused hydrate of phosphoric acid 
(Fischer). 

Preparation. 1. Pulverulent rhodium is ignited in a silver cruciblo 
with hydrate of potash and a small quantity of nitre, whereupon it takes 
jirc, detonates slightly, and swells up to a dark brown mass of rhodiate of 
potash. This product, after cooling, is well washed with water, which 
extracts the greater part of the potash and nitre, and the undissolvcd 
portion is digested with hydrochloric acid, which, being acted upon by tlie 
residual nitric acid, gives off a certain portion of chlorine: in this manner 
the hydrated oxide- is obtained. Continued washing with water may be 
substituted for the digestion with hydrochloric acid. 2. The aqueous 
solution of clilororhodiate of potassium or sodium is mixed with excess of 
carbona-te of potash or soda, and evaporated to di-yness. Tho mixture, 
which is clear at first, gradually becomes gelatinous, by separation of 
hydrated oxide, the chnnge spreading throughout the whole mass. Tho 
hydrate is washed upon a filter, and then dried and ignited. Sometimes 
a small portion of the oxide remains dissolved in the filtrate and imparts a, 
greenish colour to it, and a small portion of alkali, not removable by 
water, remains attached both to the hydrated and to the anhydrous oxide. 
Hydrated rhodic oxide prepared by either of these processes retains its 
water with great obstinacy, and requires an hour's ignition to render it 
anhydrous; no oxygen is disengaged by the ignition. (Berzelius.) 

This oxide is black. 



2R. 
30. 



104 
24 



81-25 
18-75 



R-'O 3 128 100-00 

(R 2 3 =2 . 051-387 + 300 = l(i02'77-l. Bei-zclius.) 

The anhydrous oxide and its hydrate arc reduced by hydrogen gas, 
even at ordinary temperatures, the decomposition being accompanied bj 
evolution of heat. 

Combinations. a. With Water. HYDRATE op llnomc OXIDE. 
The preparation has been already described in treating of tho anhydrous 
oxide. Greenish grey or brown. According to a former statement o. 
Berzelius, tho hydrate obtained by tho first method is resolved by lieatbj 
with sulphuric acid into oxygen gas and sulphate of tho protoxide. 

Berzelius. 

2R 104 .... 7.v91 7H-00 

30 24 .... 17-02 15-,'Sli 

HO !) .... 0-57 C-04 

R C 3 ,HO 137 .... 100-00~~ ~100~00~ 

The hydrate examined by Berzelius retained n small qimirity of metallic rhodium. 
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b. With Acids, forming the SALTS OP JluoDic OXIDE, or RnoDic 
SAI/TS. These salts are not easily obtained from the metal; they may 
however be formed: 1. By fusing the racial with bisulphate of potash, 
sulphurous acid being then gradually evolved. 2. By fusion with 
hydra ted phosphoric acid. 3. By dissolving an alloy of rhodium with 
bismuth, copper, lead, or platinum, in aqua-regia. 4. Bypassing chlorine 
gas over a heated mixture of rhodium and chloride of potassium or sodium, 
and dissolving the resulting chlorine-salt in water. The anhydrous oxide 
is not soluble in any acid, but dissolves in melted bisulphate of potash. 
The hydrate prepared by the first method is insoluble in acids; that 
obtained by the second dissolves in acids, in conjunction with the potash 
which adheres to it, producing, however, uot a red but a yellow solution. 
(Ber/.elins.) The acid solutions of rhodic oxide have, for the most part, 
a bright rose colour; their tasto is purely astringent. Hydrogen gas 
passed over the anhydrous salts gently heated reduces the rhodium to the 
metallic state. (Berzelius.) The solutions treated with zinc, iron, copper, 
and mercury, yield metallic rhodium in the form of a black powder; silver 
docs not produce this eft'oct. (Wollaston.) Tin or the aqueous solution 
of the protochloridc yields with strong solutions a brownish yellow pre- 
cipitate or a browu solution; with more dilute solutions, it produces a pure 
yellow precipitate, and with still more dilute solutions (1 pt. of rhodium 
to 1500 of liquid), merely a yellow colouring. (Fischer, Schic. 53, 117.) 
Protoehlorido of tin darkens the solution, and, after a while, precipitates 
the oxide in a state in which it is soluble in acids. (Berzelius.) Green 
vitriol throws down from, hydrochlorate of rhodic oxide and ammonia, a 
yellow powder, very easily soluble in hydrochloric acid, but exerts no 
further action. (Fischer.) Hydrosulphuricacid produces only iu warm 
solutions, according to Berzelius, and only after some time, according to 
H. Rose a brown precipitate, soluble in hydrochloric acid, provided the 
solution contains at least 1 part of rhodium in 2000 parts of liquid. 
(Fischer.) Hydrosulphate of ammonia, after long standing, or on the 
application of heat, throws down brown sulphide of rhodium (Descotils), 
insoluble in excess of the precipitant. (Berzelius.) Caustic ammonia, or 
carbonate of ammonia, produces, after a while, a lemon-yellow precipitate 
of rhodiate of ammonia, which dissolves iu hydrochloric acid, and forms a 
yellow solution. (Berzelius.) Potash precipitates, on evaporation, a 
yellowish brown jelly, consisting of hydratcd rhodic oxide containing 
potash. A similar reaction is produced by carbonate of potash or soda. 
(Berzelius.) Lime-water added to hydrochlorate of rhodic oxide pro- 
duces, even in the dark, a pure red-brown precipitate of the hydrated 
oxide. (Fr. Weiss & Fr. Dobereiner, Ann. Pharm. 14, 21, and 253.) Iodide 
of potassium darkens the solution, and produces, after a while, a slight 
precipitate. (H. Rose.) No precipitates nre produced by phosphate of 
soda, sal-ammoniac, chloride of potassium, chromate of potash, oxalic acid, 
cyanide of potassium, cyanide of mercury, ferrocyunide or ferricyanide 
of potassium, and gallic acid. 



RHODIUM AND PHOSPHORUS. 

PHOSPHATE OP RIIODIC OXIDE, or Riiomc PHOSPHATE. Formed by 
boiling pulverulent rhodium with a strong solution of phosphoric acid, or 
better, by fusing it with hydrated phosphoric acid, keeping the huat, how- 
ever, below redness. Microcosmic salt likewise exerts a solvent action, but 
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less energetic. Tbe solution diluted with water is yellow, the concen- 
trated solution brownish. Potash or soda, added to the, solution produces 
no precipitate, but, after continued digestion, separates the neutral 
rhodium-salt [hydratcd oxide?] in the form of a jelly. A similar reaction 
is produced by ammonia, which, however, likewise changes the yellow 
colour of the solution into green or blue, according to the concentration 
and the quantity of free acid. The action is accelerated by a gentle heat: 
but if the heat be immediately raised to the boiling point, the change of 
colour does not take place; when, however, the green colouring has once 
been produced, it is not destroyed by boiling. Nitric acid changes the 
blue or green colour of the mixture to violet; hydrochloric also acts in a 
similar manner, but only when aided by gentle heat; at a higher tempera- 
ture, the liquid regains 'its yellow colour. (Fischer, Pogg. 18, 257.) 



RHODIUM AND SULPHUR. 

A. PROTOSULPIIIDE OP RHODIUM.' 1. Rhodium heated in sulphur- 
vapour takes up the sulphur, with incandescence. (Berzolius.) 2. The 
sulphide is also formed by heating to whiteness a mixture of chlororliodiato 
of ammonia and an equal weight of sulphur. (Vauquelin.) 3. By pre- 
cipitating aqueous chlororhodiate of sodium with hydrosulphuric acid, 
washing the precipitate in boiling water, and freeing it from water [and 
part of the sulphur 1 !] by ignition in a stream of carbonic acid gas. 
(Fellenberg, fogy. 50, (53.) FiiKcd, bluish white, metallic mass. When 
heated in the air, it gives off sulphurous acid, and throws out numerous 
rough vegetations, till the metal is left behind in the form of a white, 
spongy, friable mass. (Vauqueliu.) The sulphide prepared by tho third 
method, when heated iu a current of dry chlorine gas, yields chloride of 
sulphur and protochlorido of rhodium. (Felloubcrg.) 
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Vauquelin (2). Fcllenherg (3). 
79-30 .... 70-52 
20-G4 .... 23-48 



100-00 



100-00 



B. SESCtuisuLrniDE OP RHODIUM. Chlororhodiate of sodium forms 
with hydrosulphatu of ammonia, on the application of heat, a dark brown 
precipitate, which turns acid when exposed to the air, in tho same manner 
as tho similarly formed sulphide of platinum, though less quickly; it dis- 
solves completely in hydrosulphato of potash, partially in caustic potash, 
with separation of rhodium and formation of hypo-sulphurous acid. 
(Bcrzelius.) Nitric acid dissolves it, and forms a brown solution. 
(Descotils.) 

C. SULPHATE OF Rnomous Oxmu, or Ruomous SULPHATE. Formed 
by heating rhodic sulphate to redness; by gently heating sulphide of 
rhodium in contact with air; or by heating tho hydrate of rhodic oxitlu 
with sulphuric acid, lllack powder, insoluble iu water and acids; potash 
extracts from it the half of its .sulphuric acid. (Berzelius.) 

I). SULPHATE or RHODIC OXIDE, or RHODIC SULPHATE. Prepared by 
heating sesquisulphido of rhodium with fuming nitric acid, evaporating 
tho liquid, and decanting it from tho separated powder. Part of it remains 
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dissolved in the decanted nitric acid, and imparts to it a yellowish brown 
colour. Black-brown powder, which absorbs moisture from the air, and 
turns red; it dissolves easily in water. The reddish yellow or dark red 
solution yields, ou evaporation, not a powder, but a, brown syrup; and if 
the heat bo continued, this residue swells up to a spongy mass, which 
dissolves very slowly but completely in water, deliquesces more quickly 
in the air, and, when more strongly heated, gives oft' sulphuric aeiil and 
oxygen gas, and is converted into the preceding salt C. (Berzelius.) If tlio 
aqueous solution be precipitated by chloride of barium, the iiltrato contains 
sesquiohloride of rhodium. Tlio precipitated sulphate of baryta appears 
brownish yellow, from admixture of a large quantity of rhodic oxide, tlie 
greater part of which may, however, be extracted by boiling hydrochloric 
acid. 

BnODIBM AND ClILOllINK. 

A. PROTOCIILOIUDE OP RiioDiDM. 1. Formed by decomposing 
5-chlorido of rhodium witli boiling potash, and beating the brownish 
grey precipitate of rbodioso-rhodic oxide with hydrochloric acid, which 
forms a red solution of sesquichloridc of rhodium and leaves the proto- 
chloride undissolved. (Bcrxolius.) 2. When dry chlorine gas is passed over 
heated protosnlphide of rhodium, ]00 parts of protosulphidc yield 12S'4 
parts of protochloride. (Follenberg.) By (1): Greyish red. or diniry 
violet powder which bakes together in drying. (Berzelius.) By (2) : Of 
a fine rose-red colour. (Fellenberg.) Sustains a gentle beat without 
decomposition, but when heated in hydrogen gas, it is resolved into 
hydrochloric acid and (JO per cent, of rhodium. (Berzelius.) The nictal 
thus reduced has a pure white colour. (Fellenberg.) Chloride of rhodium 
is not altered by continued heating in a stream of chlorine gas. It like- 
wise resists the action of caustic potash or carbonate of potash at a 
boiling heat, and is insoluble in water, hydrochloric acid, and nitric acid. 
(Fellenberg.) 

Berzelius (1). Pellenben* (2). 

R ' 52-0 .... 59-50 fiO ' .... 59-49 

Cl 35-5 .... 40-50 -Iff .... 40-51 



RC1 87-4 .... 100-00 



100 



100-00 



B. FIVE-FOURTHS CHLORIDE OF RHODIUM. To form this compound, 
finely divided rhodium, as obtained by reducing chlororhodiatc of potas- 
sium or sodium with hydrogen gas, is gently ignited, aud chlorine passed 
over it, till it ceases to increase in weight. The metal when thus treated, 
increases in bulk, aud is converted into the f-dikmdc. At the sunc 
time, three sublimates, small in quantity, are formed, viz., (a), at the 
greatest distance from the heated part, a yellow substance which forms a 
yellow solution in water ; (IB), iu the middle, a dark red, non-crystalline 
sublimate of sesquichloridc of rhodium ; aud (y), nearest to the heated 
part, a thin, light grey deposit, insoluble iu water and acids, and decom- 
posed by alkalis, with separation of brownish yellow hydrate of rhndic 
oxide. 100 parts of rhodium, by thus absorbing chlorine, increase by 
S4"2o parts, including the three sublimates. 

Pale, rose-coloured powder, insoluble in water and hydrochloric acid, 
not affected by cold potash, but decomposed by boiling potash, with sepa- 
ration of gelatinous, yellowish brown-grey hydrate of rhodioso-rhodic 
oxide. (Berzelius.) 



Berzelius. 

4R 208 .... 54-03 54-27 

5C1 1/7 .... 45-97 45 73 

2RC1,R-CP 385 .... 100-00 Z77 lOO'OO 

C. SESQUICHLORIDE OP RHODIUM. Formed by dissolving chlororho- 
diate of potassium in water precipitating the potash by hydrofluosilicic 
acid not in excess filtering evaporating dissolving the residue in water, 
which leaves behind a small quantity of silico-fltioride of potassium and 
once more evaporating the solution, with addition of concentrated hydro- 
chloric acid, in order to drive off the obstinately adhering fluoride of 
silicium. Black-brown, non-crystalline. Sustains a strong heat before 
it gives off its chlorine, and by a stronger .heat, is immediately resolved 
into chlorine gas and metallic rhodium. When exposed to the air, it 
gradually softens and deliquesces. (Berzelius.) 

2R 104-0 49-48 

3C1 106-2 50-52 



R-C1 3 210-2 100-00 

Aqueous Sesquichloride of Rhodium, or Hydrocklorate of Rhodic 
Oxide. Sesquichloride of rhodium dissolves in water, forming a rose- 
coloured solution which does not yield crystals on evaporation. (Wollas- 
ton, Berzelius.) The solution in aqueous hydrochloric acid is yellow, 
and does not recover its red-colour till the excess of acid has been 
expelled by evaporation. (Berzelius.) The salt likewise dissolves in 
alcohol, forming a rose-coloured solution. (Wollaston.) 

RHODIUM AND NITROGEN. 

A. NITRATE OF RHODIC OXIDE, or RHODIC NITRATE. The solution 
of the hydrated sesquioxide in nitric acid, is red, not crystallizable, and is 
precipitated by copper and mercury, but not by silver. (Wollaston.) By 
treating with nitric ac^d the hydrated oxide containing potash, obtained 
by the second method (p. 360), a solution is obtained which has a pure 
yellow colour, and dries up to a yellow syrup. (Berzelius.) 

B. RHODIATE OF AMMONIA. Aqueous chlororhodiate of sodium 
supersaturated with ammonia, gives no precipitate at first, but assumes 
a paler red colour, then turns yellow, and afterwards deposits lemon-yel- 
low hydrated rhodiate of ammonia, which dries up to a powder of a 
paler yellow colour. This, when heated in a retort, gives off water and 
nitrogen without any noise, and leaves metallic rhodium. It readily 
dissolves in hydrochloric acid, forming a lemon-yellow solution, which 
retains its colour unaltered during evaporation, and does not turn red till 
it dries up. (Berzelius.) 

C. Ammonio-sesquichloride of Hhodium ? The aqueous solution of 
the following compound D, deposits a greyish yellow powder on the 
addition of ammonia. Part of the product, however, remains dissolved 
in. the excess of ammonia, and is obtained by evaporating the filtered 
liquid to dryness and digesting the residue with a small quantity of 
water. The greyish yellow powder gives off sal-ammoniac vapour when 
heated, and is slightly soluble in water. (Vauquelin.) 2. When rhodiate 



of ammonia has been precipitated by ammonia from the solution of 
clilororhodiate of sodium, the yellow liquid decanted from it, deposits, on 
cooling, a yellow salt, which is for the most part insoluble in water. 
This salt, if heated in a retort, after being washed and dried, gives 
off nitrogen gas, water, hydrochloric acid, sal-ammoniac, and metal. 
(Berzelius.) 

D. CHLORORHODIATE OF AMMONIUM. Preparation (p. 257, No. 15). 
To purify it further, the salt, which is insoluble in alcohol of 36 5 Bin. 
may be dissolved in water, which will leave behind a yellow powder, 
apparently containing platinum, lead, and iron ; the solution is then to 
be evaporated to dryness, and the pulverized residue repeatedly exhausted 
with alcohol, first of 36 and then of 40 J Bm., which extracts the excess 
of sal-ammoniac. The residue is redissolved in water and crystallized. 
( Vauquelin.) Long, blackish red, very brilliant, four-sided prisms, which 
exhibit a garnet colour by transmitted light, yield a fine red powder, and 
when heated, leave 0-31 rhodium. (Vauquelin. Ann. Chim. 93, 204.) 
Without the purification just described, Yauquelin formerly obtained 
ruby-coloured, very brilliant, six-sided laminae, which, when heated, left 
from 0*28 to 0-29 of metal. The salt dissolves readily in water, forming 
a red solution ; bichloride of platinum added to the solution throws down 
chloroplatinate of ammonium, while hydrochlorate of rhodic oxide remains 
in solution. It is insoluble in alcohol. (Wollaston.) 

Crystallized. Vauquelin. 

2NH 4 C1 106-8 .... 31*89 

2R 104-0 .... 31-04 31 

3C1 106-2 .... 31-70 

2HO 18-0 .... 5-37 

2NH 4 Cl,R 2 Cl 8 + 2Aq. ^.... 335'0 .... 100-00 



RHODIUM AND POTASSIUM. 

A. RHODIOSO-RHODIATE OF POTASH, The hydrate of 2RO,R 2 3 dis- 
solves in excess of potash, forming a yellow solution, from which it may 
be precipitated by hydrochloric acid. (Berzelius.) 

B. RHODIATE OP POTASH. . The mass obtained by igniting rhodium- 
dust in a silver crucible with hydrate of potash and a small quantity of 
nitre, leaves, when washed with cold water, a light, flea-brown powder 
containing from 15 to 16 per cent, of potash, which may be dissolved out 
by nitric or sulphuric acid. (Berzelius.) The hydrated oxide precipitated 
by potash from a solution of chlororliodiate of sodium dissolves in excess 
of the potash, forming a yellow solution. (Descotils, A. Geld. 6, 431.) 

C. SULPHORHODIATE OF POTASSIUM. Sesquisulphide of rhodium 
obtained by precipitation with hydrosulphuric acid, dissolves in aqueous 
sulphide of potassium. (Berzelius.) 

D. SULPHATE OF RHODIC OXIDE AND POTASH. An aqueous mixture 
of clilororhodiate of potassium and sulphurous acid, left to itself for a 
while, deposits a powder, which is yellowish white at first, but white after 
washing and drying, and contains KO.S0 3 4-R 2 3 .3S0 3 . This powder, 
when distilled, gives off sulphurous acid aud oxygen gas. and leaves 
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34 7 per cent, of rlioclic oxide mixed with sulphate of potash ; when 
ignited in hydrogen gas, it yields 28 per cent, of metal. It dissolves 
very sparingly in water, imparting a yellow colour, and somewhat more 
freely in sulphuric acid, which it colours lemon-yellow; when decomposed 
by boiling potash, it yields a lemon-yellow hydrate of rhodic oxide. 
(Berzelius.) The rhodium deoxidized by this formation of sulphuric acid, 
is found in the liquid below. This liquid mixed with carbonate of soda 
and evaporated, deposits a gelatinous, deep yellowish green hydrate of 
the protoxide, which dissolves in nitric acid, with separation of metallic 
rhodium, and forms a yellowish green solution. The liquid filtered from 
the hydrated protoxide is pale green, but becomes red again when 
evaporated with hydrochloric acid. (Berzelius.) 

I. Metallic rhodium and rhodic oxide dissolve slowly when fused with 
bisulphate of potash in a covered crucible at a dull red heat, the action 
in the former case being attended with evolution of sulphurous acid. 
The mass, when cold, may be mixed with oil of vitriol and fused again. 
The fused mass, if it contains but little rhodic oxide, is red and trans- 
parent; but a larger quantity renders it black and opaque; when solidified, 
it is light or dark yellow, or sometimes rose-coloured. It dissolves slowly 
in cold water, quickly in boiling water, forming yellow solutions. The 
solution is imperfectly precipitated by sulphuretted hydrogen and by 
alkalis ; and on mixing it with excess of carbonate of potash or soda, 
evaporating to dryness, igniting the residue in a platinum crucible, and 
exhausting, first with water, and afterwards with hydrochloric acid, the 
whole of the oxide remains undissolved, (Berzelius.) 

E. CHLORORHODIATE OF POTASSIUM. 1. Finely pulverized rhodium 
intimately mixed with an equal weight of chloride of potassium, and 
heated to dull redness in a glass tube through which chlorine gas is 
passed for two hours, till it is no longer absorbed, forms a closely aggre- 
gated, red-black mass. This substance is dissolved in water the solution 
filtered to separate the rhodium which still remains metallic then mixed 
with alcohol and the resulting red precipitate washed with alcohol of 
specific gravity 0*840, to dissolve out all the free chloride of potassium. 
The alcoholic solution remains red, and, on evaporation, deposits the 
greater part of the rhodium in the metallic state. (Berzelius.) If the 
solution containing platinum and rhodium, obtained in the analysis of 
platinum ore (p. 257, No. 10,) be mixed with excess of chloride of potas- 
sium instead of common salt, and the liquid decanted from the precipi- 
tated chloroplatinate of potassium be left to evaporate freely, the remain- 
der of the chloroplatinate of potassium separates out first, and afterwards 
the chlororhodiate. (Berzelius.) 

Dark red, rectangular prisms, with four-sided summits. They do not 
give off their water of crystallization till heated above 1 00. (Berzelius.) 
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Wlien chlororhodiate of ammonium is mixed with an excess of potash, 
ammonia is evolved, and a rose-coloured precipitate is formed, which 
gradually disappears again, especially on the application of heat, while 
the liquid acquires a greenish yellow colour, and on exposure to the air, 
deposits greyish yellow crystals insoluble in alcohol. If the excess of 
potash be removed from the liquid by hydrochloric acid, yellowish white 
flakes are deposited, slightly soluble in water. 



RHODIUM AND SODIUM. 

A. RHODIATE OF SODA. Aqueous caustic soda dissolves rhodic oxide 
with a yellow colour. (Descotils.) 

B. CIILORORIIODIATE OF SODIUM. Preparation. 1. Similar to the 
first method for the potassium-salt, 1 part of rhodium, however, requiring 
2 parts of chloride of sodium. (Berzelius.) 2. In the analysis of platinum 
ore (p. 257, No. 10). (Wollaston.) Crystallizes combinei with water, in 
rhombic prisms whose acute dihedral angles measure 75 D (Wollaston); in 
octohedrons. (Descotils.) The crystals have a fine red colour and taste 
like common salt. In dry air, they effloresce and are converted into a 
peach-blossom-coloured powder, and fuse in their water of crystallization 
when heated. (Descotils. A . Gehl. 6, 430.) They then give on"*30 per cent. 
of water; but the last portion does not escape till they are heated nearly 
to redness in a current of dry chlorine gas. (Berzelius.) After strong 
ignition, there remains a mixture of rhodium and chloride of sodium. 
(Descotils.) The crystals dissolve in 1|- pt. of water, forming a cochi- 
neal-coloured solution; they are not soluble in alcohol. (Wollaston.) 

Berzelius. 
45-52 45-57 



Crystallized. 
3NaCl... 175-6 
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Analyses giving different results have been made by Thomson (Scltw. 
47, 62,) and Biewend (J. pr. Ohem. 15, 126). 

C. NITRATE OF RHODIC OXIDE AND SODA. Dark red crystals, easily 
soluble in water, but insoluble in alcohol. (Berzelius.) 

RHODIUM AND CALCIUM. 

RIIODIATE OF LIME. Formed when the potash or nitre with which 
the metal is ignited contains lime. (Berzelius.) 

Alumina exhibits similar relations with rhodium. 

RHODIUM AND ARSENIC. 

A. ARSENIDE OF RHODIUM. The alloy obtained by fusing the two 
metals together, gives off arsenic when heated to redness in the air, while 
brittle rhodium remains behind. (\Yollaston.) 

B. Arseniate of soda produces a yellowish white precipitate with 
chlororhodiate of sodium, but only when heated. (Thomson.) 
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EHODIUM AND BISMUTH. 

ALLOY. 1 part of rhodium forms with 3 parts of bismuth, an alloy 
which is wholly soluble in aqua-regia. 

RHODIUM AND LEAD. 

ALLOYS. 1 part of rhodium and 2 parts of lead form an alloy which 
has a density of 1.1 '3. The alloy of 1 pt. rhodium and 3 lead is perfectly 
soluble in aqua-regia. (Wollaston.) 



EHODIUM AND IRON. 

CARBIDE OF RHODIUM AND IRON. a. 1 pt. rhodium to 1 steel: 
sp. gr. 9*176'; has a very fine colour and surface for metallic mirrors, 
and does not tarnish in the air. b. I pt. rhodium with 50 to 100 steel: 
Very hard and tolerably tough alloy, which requires to temper it, a 
higher temperature by 39 than common steel, and 17 higher than 
Indian steel, (Faraday Stodart, Gilb. 66, 167.) 



RHODIUM AND COPPER. 

ALLOY. 1 pt. rhodium and 3 pts. copper form an alloy which 
dissolves completely in aqua-regia. 



RHODIUM AND SILVER. 

ALLOY. A very malleable and fusible alloy, which, when slowly 
cooled after fusion, becomes covered with a black powder (of protoxide of 
rhodium, according to Berzelius). In these compounds, the rhodium is 
not attacked by aqua-regia. (Wollaston.) 



RHODIUM AND GOLD. 

ALLOYS. a. 1 pt. rhodium with 4 to 5 gold. Very malleable and 
difficultly fusible alloy, the colour of which cannot be distinguished from 
that of pure gold; when slowly cooled after fusion, it becomes covered 
with a black powder. &. 1 pt. rhodium to 6 gold : More fusible than #, 
but less fusible than gold, In these compounds, the rhodium is not 
attacked by aqua-regia. (Wollaston.) 
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CHAPTER XLIII. 

IRIDIUM. 

Besides the Memoirs cited on page 252: 

Tennant. Phil Trans. 1804, 411; also A. Gehl 5, 166. 
Descotils. Ann. Ohim. 48, 153; also A. Geld. 2, 73. 
Fourcroy Vauquelin. Ann. Chim. 50, 5; also A. GeJd. 0, 262. 
Vauquelin. Ann. Ckim. 89, 150 and 225; also Sckw. 24, 21. 
Berzelius. Pogg. 13, 463; 15, 208 and 527. 
Claus. Ann. Pharm. 59, 234; 63, 341. 



History. Descotils, as well as Fourcroy & Vauquelin, pointed out the 
existence of the two metals contained in the insoluble part of platinum 
ore, but regarded them as identical. Tennant, however, soon after 
showed, in 1804, that this insoluble residue really contained two distinct 
metals, Iridium and Osmium, and the chemical relations of these metals 
have been most minutely examined by Berzelius. Claus has since de- 
monstrated (in 1845) the existence of another metal, Ruthenium, in this 
residue, and has shown that many of the properties hitherto ascribed to 
iridium really belong to a mixture of iridium and ruthenium. 

Sources. 1. In platinum ore, in small quantity, alloyed with platinum 
and other metals (p. 254). 2. As Osmide of iridium, mixed with the 
platinum ore in separate grains. 3. As the so-called Native Iridium 
(md. Alloy of Platinum and Iridium). 4. In the state of oxide, together 
with the oxides of osmium, iron, and chromium (in Trite). 

Preparation, pp. 258, 259, No. 18 25; p. 262, No. 2327; 
p. 265, No. 27; pp. 268, 269, No. 14; p. 270 ; No. 16. 

It is difficult to obtain iridium free from osmium, which obstinately 
adheres to it. The presence of osmium is discovered by the luminosity 
which it imparts to the flame of a spirit-lamp, when a sample of the metal 
is laid on the edge of a piece of platinum foil and held in the outermost 
border of the flame (II. 30). If the foil be then held in the middle of 
the flame, the iridium will be brought back to the metallic state, and if it 
be then again held in the edge of the flame, the luminosity will be again 
increased. Osmium is best removed by igniting the iridium in a current of 
chlorine gas, which carries away the chloride of osmium, and leaves pure 
protochloride of iridium, reducible either by moderate ignition in ail 
atmosphere of hydrogen, or by intense ignition per se. 

Properties. Remains in the form of a grey powder when indium 
sal-ammoniac is heated to redness. By reduction with hydrogen, it is 
obtained in the form of a mass resembling platinum^ and having a specific 
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gravity of 15-8629. (Berzelius.) When sesquioxide of indium is prepared 
by igniting cliloriridiate of potassium with excess of carbonate of potasli 
(p. 265, No. 27); then washed with water and hydrochloric acid- 
strongly pressed between bibulous paper, till half dry; afterwards 
completely dried without pressure ; and the coherent mass exposed to a 
white heat for half an hour in a covered crucible, the indium remains in 
the form of a coherent mass, which has a similar appearance to platinum; 
is difficult to break, but crumbles under the hammer, and may be reduced 
to powder by trituration; takes a polish when gently pressed with the 
burnisher; has a specific gravity of 15 '58 8; and when heated in an etlier- 
flame fed with oxygen gas, does not fuse, but acquires a more silvery 
wbiteness. (Berzelius.). Vauquelin fused it in very small quantity only 
on charcoal ignited in a stream of oxygen, and obtained a somewhat 
ductile globule. Children (Schw. 16, 365) fused it by his galvanic 
battery into a white, strongly lustrous, brittle, and still somewhat porous 
globule: of specific gravity 18-68. This globule probably contained 
platinum. (Berzelius.) 1 gramme of iridium heated upon charcoal before 
Dobler's oxy-hydrogen blowpipe, fuses into a bright globule, which, 
however, appears to absorb gas, since, on solidifying, it throws out excres- 
cences, and cavities are formed in its interior. In colour it is inter- 
mediate between silver and tin; it is somewhat crystalline, of specific 
gravity 15 '93, harder than iron, and so brittle that when struck with a 
hammer it flies into small pieces having a fine-grained fracture. (Bunsen, 
Pogg. 41, 207). When reduced in this manner, the iridium may have 
taken up silicium from the charcoal. (Berzelius). 

Iridium-'blacL When an alcoholic solution of iridic sulphate is 
heated for some time, a black powder is obtained, which is similar to 
platinum-black, and converts alcohol into acetic acid, but does not become 
red-hot in alcohol vapour. If, on the contrary, the mixture of iridic 
sulphate and alcohol be exposed to sunshine at ordinary temperatures, 
and the separated black powder heated with a large quantity of water 
nearly to the boiling point, and then dried at 100, it acquires the power 
of exciting combustion in a much higher degree than platinum-black. 
The smallest particles of this iridium-black thrown upon paper moistened 
with alcohol produce a hissing noise, become red-hot, and acquire the 
grey colour of ignited iridium. (W. Dobereiner, Schw. 63, 465.) By 
digesting sesquichloride or sesquioxide of iridium with formic acid, an 
iridium-black is likewise obtained, very easily soluble ia aqua-regia. 
(Berzelius, LeJirluch.) 

When a solution of bisulphide of iridium in aqua-regia is evaporated 
to the consistence of a syrup, the residue mixed with twice its weight of 
alcohol of 80 per cent., the mixture spread upon glass, and the glass heated 
to redness, there remains a smooth specular coating of iridium, which 
likewise exhibits inflaming power. (Bottger, J. pr. Chem. 3, 276.) 

Pulverulent iridium is the best adapted of all substances for producing 
a pure black upon porcelain. (Frick, Pogg. 31, 17.) 



Compounds of Iridium. 
IRIDIUM AND OXYGEN. 

When iridium, which has not been brought into the white compact 
state by exposure to a white heat, is ignited alone in the air, or with 



. 



liydrate of potash in a vessel to winch the air lias access, or with liydrate 
of potash and nitre, it oxidizes and is converted into sesqnioxide. 'When 
pure, it is but very slightly soluble in aqua-regia; but when alloyed with 
platinum, it dissolves freely, and is converted into hydrochlorate of iridic 
oxide. Pure indium does not dissolve in oil of vitriol, nitric acid, or 
melted hisulphate of potash; the latter, however, converts it into sesqui- 
oxide. 

A. PROTOXIDE OF IRIDIUM, or IRIDIOUS OXIDE. IrO. 1. Formed 
by boiling the protochloride prepared in the dry way with tolerably 
strong potash. The protoxide then separates in the form of a heavy 
black powder, which must be washed and treated with an acid to free it 
from potash. The potash retains a certain quantity of the protoxide in 
solution, and the liquid, when exposed to the air, gradually absorbs oxygen, 
and acquires first a purple-red and then a dark blue colour. 2. By 
gently igniting the hydrate. (Berzelius.) 

Ir 99 92-52 

8 7'48 

IrO 107 100-00 

(IrO = 1233-499 + 100 = 1333-499. Berzelius.) 

Combinations. a. With Water. HYDRATED IRIDIOUS OXIDE. 

1. Formed by treating the aqueous solution of protochloride of iridium 

and potassium or sodium, with carbonate of potash or soda, taking care 

. however to add only a very slight excess, as otherwise the hydrate will 

redissolve and form a greenish yellow solution. (Berzelius.) 

I. With Acids, forming the SALTS OF IRIDIOUS OXIDE, or IRIDIOUS 
SALTS. The anhydrous oxide dissolves very sparingly in boiling acids, 
the hydrate more freely. The solution has a dingy green or greenish 
brown colour; in the dilute state, it is colourless. (Berzelius.) With 
chlorine it passes to a higher state of oxidation and becomes blue or red- 
brown. (Berzelius.) 
c. With potash. 

Blue Oxide of Iridium. This oxide must be regarded as a mixture of 
the oxide and sesquioxide. It is sometimes produced when iridium is 
ignited with hydrate of potash in a covered crucible, or when chloriridiate of 
sodium is fused with iridium, likewise by partial deoxidation of solutions 
of the sesquioxide, and by boiling the protochloride with excess of potash, 
which then acquires a blue or purple colour on exposure to the air. The 
surest method of obtaining it, is to supersaturate the aqueous solution of 
chloriridiate of potassium or sodium with ammonia, and evaporate till it 
retains only a slight odour of ammonia; it then turns blue and deposits 
the blue oxide, which must be collected on a filter just at the proper 
time, as it would disappear again during the evaporation of the liquid to 
dryness, and leave ammonio-protochloride of iridium. The liquid runs 
through colourless at first, but the wash-water acquires a pale blue tint 
by taking up a small quantity of the blue oxide. The oxide thus 
obtained which contains ammonia, and therefore, when heated, is reduced 
with violent decrepitation and often with detonation dissolves in acids, 
especially in hydrochloric acid, and forms a dark blue solution. (Berze- 
lius.) By igniting iridium with hydrate of potash and nitre, or simply | ( 

with hvdrate of potash in a vessel to which the air has access, a compound m, 

2 B '2 



of the blue oxide with potash is obtained. Acids dissolve it and form 
[f blue solutions, which are decolorized by zinc, tin, iron, protochloride of 

I tin, green vitriol, and hydrosulphuric acid ; a small quantity of chlorine 

restores the blue colour, and a larger quantity colours the solutions 
purple-red; but this colour again gives place to the blue, when the liquid 
is exposed to the air. By continued boiling, the blue solutions become 
green, then violet, then purple, and are ultimately converted into tlie 
brown-red salts of iridic oxide. The blue salts are not precipitated by 
potash or ammonia; if, however, they contain titanic or ferric oxide, these 
f substances are precipitated in combination with a small quantity of blue 

| $ oxide. (Yauquelin.) According to Claus, this blue oxide is in reality the bioxide, 

IrO 2 . (see page 374). 

B. SESQUIOXIDE OF IRIDIUM. Ir 3 3 . Formation. 1. The finely 
divided metal is quickly converted into sesquioxide by ignition in the 
air; the compact metal more slowly; at a stronger heat, the metal is 
reduced. 2. When iridium is ignited with hydrate or carbonate of potash, 
either in contact with the air or mixed with nitre, a compound of the 
sesquioxide with potash is produced. The sesquioxide combines with the 
potash, but separates out for the most part when the mixture is dissolved 
in water, because the aqueous potash retains less of it in solution ; if only 
a moderate heat be applied, or if the quantity of potash be too small, 
iridium and the protoxide remain mixed with the product. 3. Iridium 
fused with bisulphate of potash, is converted into sesquioxide, but is not 
dissolved. (Berzelius.) 

Preparation. Chloriridiate of potassium is mixed with twice its 
weight of carbonate of potash or soda, and the mixture heated in a 
covered silver or porcelain crucible, till the bottom exhibits a dull red 

*A ;'* heat, In this case, a mixture of 1 vol. oxygen and 8 vol. carbonic acid 

\l i P gas is evolved: 

1^ | 1 vol. : 8 vol. CO 2 . If too much heat be applied, the sesquioxide 

it ,\ l \ drives out the carbonic acid and unites with alkali, forming a compound 

i'j'*| which dissolves with yellow colour in water. The saline mass is dis- 

) I solved in boiling water, which does not dissolve any of the iridium, 

* | and the sesquioxide washed on the filter with water containing sal-ammo- 

/f jj niac (if pure water be used, it runs through the filter in the form of a 

} ', f ," greenish blue, turbid liquid), after which the sal-ammoniac is removed by 

5v| f ! heat, and the still adhering alkali by an acid. (Berzelius.) 

1 1 | Soft, bluish black powder. (Berzelius.) 

i/ 1 "% 2Ir 198 .... 89-19 

/.;i ! 3O 24 .... 10-81 



IrO 3 222 .... 100-00 

(Ir-0 3 = 2 . 1233-499 + 300= 2766-998. Berzelius.) 

Sustains a red heat without decomposition, but when heated above 
the melting point of silver, it is resolved into metallic iridium and 
oxygen. Hydrogen gas, even at ordinary temperatures, reduces it to 
the metallic state, the decomposition being attended with rise of tempe- 
rature (amounting even to ignition according to Wohlcr) ; it is likewise 
reduced with strong detonation when mixed with a combustible body and 
heated, (Berzelius.) 



Compounds. a. With water. HYDRATED SESQUIOXIDE OF IRIDIUM. 
Formed when an aqueous solution of sesq trichloride of iridium. or its 
compound with chloride of potassium or chloride of sodium, is treated with 
potash or soda. Sometimes, however, from some unknown cause, no preci- 
pitate is formed even on heating the mixture. The dark brown bulky 
precipitate contains alkali, which cannot be extracted by water. Bichlo- 
ride of iridium and potassium likewise yields, when boiled with aqueous 
carbonate of potash or soda, a black precipitate, which exhibits all the 
properties of [hydrated?] sesquioxide of iridium, and dissolves in hydro- 
chloric acid form ing a dark brown solution. 

1f The sesquioxide has hitherto been considered as the most important 
and the most easily prepared of all the oxides of iridium. According to 
Glaus, however, (Ann. Pharm. 59, 251,) it can only be obtained under 
particular circumstances. On treating a solution of sesquichloride of 
indium with potash, no precipitate is at first produced but on heating 
the liquid for some time, it assumes an indigo colour and then deposits a 
dark blue hydrate of the bioocide, Ir0 2 + 2Aq. oxygen being at the same 
time absorbed from the air. This absorption may be made evident by 
introducing a solution of sesquichloride of iridium and potassium mixed 
with a small quantity of potash, into a tube half filled with oxygen gas 
and closed at the bottom with mercury. After a while, a deep violet- 
blue colour appears in the liquid, commencing at the top, gradually 
extending downwards, and becoming continually darker, the liquid at the 
same time absorbing the gas, rising in the tube, and finally depositing 
the blue bioxide of iridium in considerable quantity. It would appear 
from this, that the lower oxides of iridium cannot be prepared in the 
moist way. The anhydrous sesquioxide may, however, be obtained by 
gently igniting a mixture of the sesquichloride of iridiuni and potassium 
with carbonate of soda in an atmosphere of carbonic acid ; on treating 
the product with water, the sesquioxide remains in the form of a black 
powder insoluble in acids. This oxide likewise forms a soluble, pale 
greenish hydrate ; but it is difficult to obtain, because it rapidly absorbs 
oxygen and is converted into the hydrated bioxide. (Glaus.) *T 

b. With acids, forming the SALTS OP SESQJJIOXIDE OF IRIDIUM. 
The anhydrous oxide is insoluble in acids and even in fused bisuiphate of 
potash ; the hydrate, however, dissolves in acids, forming solutions of a 
dark brown or dingy purple-red colour. (Berzelius.) 

c. With ammonia, potash, and soda. 

C. BIOXIDE OF IRIDIUM, or IRIDIC OXIDE. IrO 2 . According to 
Berzelius and others, this oxide is known only in hs salts, and cannot be 
precipitated by alkalis or alkaline carbonates, because they dissolve it. 
When a solution of bichloride of iridium and potassium is boiled with 
carbonate of potash or soda, carbonic acid escapes with effervescence and 
a precipitate is formed consisting, not of bioxide, but of the black sesqui- 
oxide. (Berzelius.) IT According to Glaus, on the contrary, the bioxide 
is the most easily prepared of all the oxides of iridium, and is always 
deposited in {he form of a bulky, indigo coloured precipitate, when a 
solution of either of the chlorides of iridium is boiled with an alkali. 
The precipitate is a hydrate containing 2 At. water : Ir0 2 -f 2Aq. It 
always retains 3 or 4 per cent, of alkali, even after the most careful 
washing. When deprived of its water by heat, it contains 14 per cent, 
of oxv<ren. 
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The hydrate, when heated in an atmosphere of carbonic acid, exhibits 
a strong momentary incandescence, at the same time giving off all its 
water, together with 1 or 1|- per cent, of oxygen, and becoming black 
and insoluble in acids. It is almost insoluble in dilute sulphuric and 
nitric acid; hydrochloric acid dissolves it slowly but completely, forming 
a solution which is indigo-coloured at first, but afterwards becomes chrome^ 
green, and finally red-brown w r hen heated, being at the same time con- 
verted into bichloride of iridium. This oxide is identical with the blue 
oxide described on page 371, and hitherto regarded as a compound of 
protoxide and sesquioxide. (Glaus, Ann. Pharm. 59, 252.) 1 

The salts of iridic oxide are produced from the salts of the lower 
oxides by boiling the solutions of the latter in open vessels or with nitric 
acid. The anhydrous salts are black, and yield red powders; the aqueous 
solutions are dark brown, red, and almost opaque when concentrated, but 
reddish yellow when dilute; they impart a distinct yellow colour to large 
quantities of water. When evaporated and ignited, they leave metallic 
iridium. They are decolorized or in case of great concentration, turned 
yellowish or pale green by the following substances, which, for the most 
part, reduce them to proto-salts; a small quantity of chlorine subse- 
quently added turns them green, and a larger quantity, violet-red. (Vau- 
quelin.) Zinc, tin, iron, and most of the metals not, however, gold or 
platinum decolorize the solutions, and throw down part of the iridium 
in the form of a black powder. (Tennant.) Sulphuretted hydrogen deco- 
lorizes them at first, and, after a while, forms a brown precipitate of 
sulphide of iridium ; so likewise does hydrosulphate of ammonia, an 
excess of which, however, easily redissolves the precipitate. (H. Rose.) 
<w ? Iodide of potassium exerts a decolorizing action. (H. Rose.) Protochlo- 

l ride of tin decolorizes the solution (Tennant) ; and forms a pale brown 

1 precipitate, (H. Rose.) Green vitriol decolorizes the solutions (Vauque- 

I lin), and forms a dingy green precipitate according to H. Rose, or white, 

ji according to Fischer. -Mercurous nitrate produces a pale brown precipi- 

J tate. (H. Rose.) Oxalic acid decolorizes the solutions after a while 

? (H. Rose); tincture of galls and cyanide of potassium, immediately 

| ! (Tennant) ; so likewise does ferrocyanide of potassium. (H. Rose, Anali/t. 

I . ChemJ) According to Fischer, on the contrary (Schw. 53, 117), ferro- 

S V cyanide of sodium and gallic acid exert no particular action. Ammonia 

t l decolorizes the solution and forms a brown precipitate; a portion of the 

I oxide however remains dissolved, without imparting any colour to the 

; tj liquid. (Vauquelin, H. Rose.) Tennant alone ascribes a purple-red 

I colour to the mixture. If the greater part of the free ammonia be left to 

I evaporate in the air or driven off by boiling, the colourless liquid turns 

"f blue and deposits a blue powder. (H. Rose.) Potash in excess produces 

I a very scanty blackish grey precipitate; the supernatant liquid, which is 

either colourless or very pale-green, undergoes but little change of colour 
when heated; but if afterwards set aside, it assumes a continually darker 
violet-blue colour, the change proceeding from above downwards ; if it 
4' be then evaporated, it yields a blue precipitate and ultimately a greenish 

**i -white, dryresidue, which when digested in water, forms a colourless solution 

\ ' ; 



and deposits a blue powder. (H. Eose.) [Is the reduction which takes place on 
the addition of potash or carbonate of potash, due to organic matter derived from the 
filter?] Carbonate of sodn decolorizes the solution after a while, but 
without producing a precipitate. (H. Rose.) Xeutral carbonate of potash 
forms with hydrochlorate of iridic oxide, a deep red-brown precipitate, 
which, however, gradually redissolves, leaving only a trace of black-brown 
powder. The colourless solution thus formed does not become blue on 
standing; but if evaporated to dryness, and then treated with water, it 
yields a small quantity of blue powder, and the liquid turns blue after a 
while. (H. Rose.) Bicarbonate of potash, as well as phosphate of soda, 
decolorizes iridic salts after a while, but without producing a precipitate. 
(H. Rose.) Nitrate of silver produces a deep indigo-coloured precipitate, 
which becomes colourless after a while (see p. 302). 

The mixing of iridic with iridious salts produces changes of colour to 
blue, green, violet, &c. (Vauquelin.) 

TEROXIDE OP IRIDIUM. IrO 3 . 

Known only in combination with hydrochloric acid or with potash. 

Aqueous terchloride of iridium and potassium exhibits but a slight 
turbidity when mixed with carbonate of potash or soda, but after diges- 
tion for some time, deposits a brownish or greenish yellow, gelatinous 
hydrate of the teroxide, containing however a considerable quantity of 
potash. The filtrate holds in solution a small quantity of the teroxide, 
which gives it a yellow colour. The hydrate, if heated after drying, 
decomposes with sudden decrepitation and evolution of oxygen gas and 
aqueous vapour, and is projected out of the retort. While yet moist, it 
dissolves in hot hydrochloric acid, forming a yellow solution, which, when 
evaporated to dryness, turns red and leaves terchloride of iridium and 
potassium, from which alcohol does not extract a trace of free terchloride 
of iridium. 

IRIDIUM AND CARBON. 

CARBIDE OP IRIDIUM. A coherent piece of iridium held in the 
middle of an alcohol-flame, soon becomes covered with a carbonaceous 
vegetation, which is soft to the touch, stains the fingers, takes fire when 
slightly heated, afterwards continues to glow, and leaves 80*2 per cent. 
of iridium. The iridium on which this carbonaceous mass has been 
deposited, appears dark-grey, and is completely penetrated by the 
carbon. Any oxide of iridium heated in carburetted hydrogen gas or 
in vapour of alcohol, ether, or any volatile oil, is reduced with incandes- 
cence, to carbide of iridium. (Berzelius.) 

Berzelins. 

Ir 99 , 80-49 S0'2 

4C 24 19-51 19-8 

IrC 4 123 100-00 100-0 



IRIDIUM AND PHOSPHORUS. 

PHOSPHIDE OF IRIDIUM. Iridium ignited in phosphorus-vapour takes 
up a small quantity of phosphorus, and is converted into a mass, which 
has the appearance of iridium, and, when heated in the air, is converted, 
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by slow combustion, into a mixture of metallic indium and phosphate of 
iridious oxide. (Berzelius.) 

IRIDIUM AND SULPHUR. 

A. PKOTOSULPHIDE OF IRIDIUM. 1. Iridium ignited in sulpliui 
vapour, takes up sulphur with slight incandescence, part of the metal, 
however, remaining uncombined. (Berzelius.) 2. The protosulphide is 
also formed when one of the higher sulphides is heated out of contact oj 
air. (Bottger, J.pr. Gliem. 3, 277.) 3. By precipitating an iridious sail 
with sulphuretted hydrogen, and washing the precipitate with water con- 
taining sal-ammoniac or an acid, because pure water dissolves it slightly 
(Berzelius.) The sulphide prepared by (2) is grey, like galena, ] 
blackish blue (Bottger); that prepared by (3) is dark yellowish brown 
(Berzelius.) Not decomposed by strong ignition in a closed vessel ; bir 
when roasted, it gives off sulphurous acid, and is converted into a dark 
brown basic sulphate. (Berzelius.) The preparation (3) dissolves in nitrL 
acid, even when cold, with formation of sulphate of the protoxide o 
sesquioxide of iridium, of a dark green or brown colour, if the acid be col( 
and in insufficient quantity, or of orange-yellow sulphate of the bioxide 
if the acid is in excess, and more especially if it be hot. Any sulphide o 
platinum that may be present remains for the most undissolved by th< 
cold acid. (2) is insoluble in nitric acid, and dissolves but sparingly ii 
aqua-regia. (Berzelius; not at all, according to Bottger.) (3) dissolves 11 
sulphide of potassium more readily than sulphide of platinum; and wlie; 
precipitated from the solution by acids, it is slightly soluble in pure wate] 
and yields a red-brown solution. Hence the water used to wash the pre 
cipitate becomes coloured, but deposits the greater part of the sulphide c 
iridium when evaporated, in consequence of the concentration of the aci 
which it contains ; if, however, nitric acid has been used for the precipi 
tation, no sulphide of iridium separates out on evaporation, because tb 
nitric acid converts it into sulphate. (Berzelius.) 

Bottger. 

Ir 99 86-00 85-33 

S 16 13-91 14-67 

IrS 115 100-00 100-00 

B. SESQUISULPHIDE OF IRIDIUM. Formed by precipitating a salt < 
the sesquioxide with sulphuretted hydrogen. The brown-black pr< 
cipitate does not become acid by drying; but if subsequently heated, 
iirst gives off water and sulphurous acid proving that a certain degree < 
oxidation, has taken place and afterwards sulphur, till the residue 
reduced to the protosulphide. With nitric acid and sulphide of potassiui 
it behaves like A (3). Dissolves sparingly in water, forming a yello 
solution. (Berzelius.) 
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C, BISULPHIDE OF IRIDIUM. 1. Formed by igniting iridium 
ammoniac with an equal weight of sulphur, (Vauquelin.) 2. By ignitir 
pulverulent iridium with a mixture of sulphur and carbonate of potash < 
soda, and exhausting the product with -water. (Fellenberg, Pogy. 59, 66.)- 



3. By precipitating aqueous bichloride of indium or its compound with 
chloride of potassium, by hydrosulphuric acid. (Berzelius.) The pre- 
cipitate is quickly washed with boiling water, then dried in vacuo, and 
heated in an atmosphere of carbonic acid. (Fellenberg.) i. With 
bisulphide of carbon, just as in the preparation (3) of bisulphide of 
platinum. (Bottger.) If the alcoholic solution of bichloride of indium 
deposits a red powder of bichloride of indium and potassium not pre- 
viously separated from it, the liquid must be filtered before adding the 
sulphide of carbon. In the course of four days, the mixture solidifies in a 
compact black jelly, which, as in the case of platinum, must be well 
washed with alcohol and water; whereupon, however, a small portion dis- 
solves. (Bottger.) By(l): black coherent powder (Vauquelm); by (3): 
dark yellowish brown powder (Berzelius) ; by (4) : black, with a few 
shining points; sandy to the touch, and gritty between the teeth. 
(Bottger.) 

The bisulphide obtained by (1) leaves metallic iridium when ignited 
in the air. ( Vauquelin.) That obtained by (3) behaves like B, when dried 
in the air and subsequently ignited, and likewise with nitric acid, water, 
and sulphide of potassium. (4) leaves metallic iridium when intensely 
ignited in the air; it does not become acid on exposure to the air; 
dissolves completely in aqua-regia, but is not decomposed by boiling 
ammonia, potash, or carbonate of soda. (Bottger.) The product obtained 
by (2) or (3) is not decomposed by chlorine gas at ordinary tem- 
peratures, but when heated to a temperature at which glass softens, it 
is completely decomposed, yielding chloride of sulphur and chloride of 
iridium. A small portion of the chloride of iridium sublimes, the 
quantity being greater the longer the chlorine gas is passed over the 
sulphide ; but the greater part remains at the point where the decom- 
position takes place. The quantity of chloride of iridium obtained from 
a given quantity of sulphide varies so much, that in one experiment 
81 '06, and in another 73*78 per cent, of metal was obtained from ifc. 
According to the former result, a chloride of iridium may be supposed to 
exist, containing more than 1 At. iridium to 1 At chlorine. (Fellenberg.) 
[Perhaps a portion of the protochloride of iridium produced was decom- 
posed by the application of too strong a heat, and metallic iridium thereby 
set free.] 

Yauquelin. Fellenberg. Bottger. 

(1) (2) (3) (4) 

Ir 99 .... 75-57 .... 75 .... 75 .... 75-92 .... 74-81 

2S 32 .... 24*43 .... 25 .... 25 .... 24*08 .... 25*19 

IrS- 131 .... 100-00 .... 100 .... 100 .... 100*00 .... 100-00 

D. TERSULPHIDE OF IRIDIUM. Formed by precipitating aqueous ter- 
chloride of iridium and potassium with hydrosulphuric acid, the mixture 
being left for a time in a closed vessel at 60. Dark yellowish brown 
precipitate, which behaves like B, when dried in the air and subsequently 
ignited, or when treated with nitric acid, water, or sulphide of potassium, 
(Berzelius.) 

Ir 99 67-35 

3S 48 32-65 

~IrS 3 ~ZIZ.'. 147 lOO-ST" 

E. SULPHATE OP IRIDIOUS OXIDE. The solution, when evaporated, 
deposits a shining, brownish green, amorphous mass, which forms a dark 
yellowish green solution in .water. (Berzelius.) 
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F. SULPHATE OF SESQUIOXIDE OP IRIDIUM. When bisulphide or ter- 
sulphide of iridium recently precipitated by sulphuretted hydrogen is 
digested in a quantity of cold nitric acid not sufficient to dissolve it com- 
pletely; a greenish or reddish brown solution is obtained. (Berzelius.) 

Gr. SULPHATE OF IRIDIC OXIDE. The solution of bisulphide or ter- 
sulphide of iridium in excess of warm nitric acid is brownish yellow, and 
yields, on evaporation, a thick yellow syrup. If strong nitric acid be 
used, the resulting sulphate of iridic oxide remains for the most part 
undissolved, in the form of a brown amorphous mass, which, after the nitric 
acid has been poured off, dissolves in water, forming a brownish yellow 
solution. The aqueous solution is not precipitated by alkalis. The com- 
pound is likewise easily soluble in alcohol. (Berzelius.) The dried salt, 
when strongly heated, gives off sulphuric acid, and leaves a brown basic 
salt, similar to that obtained by roasting sulphide of iridium. (Berzelius.) 

IRIDIUM AND IODINE. 

BINIODIDE OF IRIDIUM. Aqueous bichloride of iridium boiled with 
iodide of potassium and hydrochloric acid, yields the compound IrP in the 
form of a black powder, which gives off its iodine at a temperature near 
the boiling point of mercury; it is insoluble in water and in acids, 
(Lassaigne, J. Chim. med. 11, 62.) 



IRIDIUM AND CHLORINE. 

A. PROTOCHLORIDE OF IRIDIUM. a. Insoluble. This compound is 
formed when iridium, in the finely-divided state in which it is obtained 
by reducing chloriridiate of potassium with hydrogen gas, is exposed to a 
stream of chlorine gas at an incipient red heat. The iridium then swells 
up and forms a light powder, having a dark olive-green colour, and soiling 
strongly any surface on which it is rubbed. This powder, when very 
strongly ignited in a porcelain retort, gives off chlorine gas, yields a small 
sublimate of sesquichloride and bichloride of iridium, and leaves a residue 
of the metal. Any chloride of osmium that may be mixed with it likewise 
sublimes, for the most part, under these circumstances. The protochloride 
thus obtained is insoluble in water, dissolves very sparingly in boiling 
hydrochloric acid, forming a greenish liquid, and is likewise scarcely soluble 
in aqua-regia. (Berzelius.) Protochloride of iridium obtained by igniting 
the bisulphide in chlorine gas, is crystalline, olive-green, and somewhat 
shining. When treated with water, it gives up a small quantity of a 
soluble chloride, which colours the liquid yellow. The compound freed 
from this soluble chloride is slowly reduced, with formation of hydro- 
chloric acid, by ignition in hydrogen gas ; when ignited with carbonate of 
potash, it is decomposed, with separation of a dark grey oxide. But it 
remains undecomposed when immersed in aqueous hydrosulphate of 
ammonia, also when boiled with hydrochloric acid, nitric acid, aqua-regia, 
oil of vitriol, potash, or carbonate of potash. (Fellenberg, Pogg. 50, 66.) 

b. Soluble. Formed by decomposing a with, solution of potash, treating 
the separated protoxide with hydrochloric acid, in an excess of which it is 
partially soluble, and evaporating the brownish green-yellow filtrate, 
whereupon it turns yellow, and leaves the protochloride of iridium on the 



glass in the form of a transparent yellow mass, which, if it lias not been 
too strongly heated, dissolves completely in a small quantity of boiling 
water, forming a yellow solution; but on adding a larger quantity of water, 
the greater part of the chloride of iridiuni is thrown down in the form of 
a greenish brown precipitate, the liquid remaining yellowish green. 
6 probably contains a small quantity of hydrochloric acid chemically 
combined. (Berzelius.) 

Fellenberg. 

Ir 99-0 .... 73-66 .... 73-78 

Cl 35-4 .... 26-34 .... 26'22 

IrCl 134-4 .... 100-00 .... 100*00 

IT According to Glaus (Ann. Pkarm. 59, 255), the formation of the 
protochloride of iridiuni and of its double salts is a problem not yet 
solved. All the preparations described by Berzelius and others as proto- 
chloride of iridium, Glaus regards either as sesquichloride, or as mixtures 
of that compound with metallic iridium. He finds that the bichloride is 
reduced by sulphurous acid, sulphuretted hydrogen, protochloride of tin, 
ferrocyanide of potassium, alcohol, and other reducing agents, to the state 
of sesquichloride ; but there the reduction generally stops, excepting that 
in some cases metallic iridium is separated without the intermediate for- 
mation of protochloride. The greyish compound which Berzelius obtained 
by treating pulverulent iridium with chlorine gas, is likewise, according to 
Glaus, a mixture of sesquichloride and metallic iridium ; for, when very 
finely pounded, and again exposed to the action of chlorine, it absorbs that 
gas without change of colour, and is thereby brought nearer to the com- 
position of the pure sesquichloride. Moreover, if it be mixed with common 
salt, and treated with chlorine at nearly the same temperature as before, 
it yields a product, which, when digested in water, leaves metallic 
iridium. IT 

B. SESQUICHLORIDE OF IRIDIUM. 1. Sublimes when iridiuni, either 
pure or mixed with nitre, is ignited in chlorine gas, or when protochloride 
of iridium is ignited per se. 2. Formed likewise by igniting iridium with 
nitre, extracting the potash (together with a small quantity of iridium) 
from the mass by excess of hot nitric acid, washing the residue with water 
and dissolving it in hydrochloric acid, whereby chlorine is evolved, and 
no bichloride formed. The dark yellowish brown solution yields, on 
evaporation, a syrup, and afterwards a black, amorphous mass. The 
sesquichloride obtained by (1) is brownish yellow and amorphous, and 
does not dissolve in water. That obtained by (2) is black, becomes moist 
in the air, if it has not been too strongly heated, and forms with water n 
solution which is red-brown, deep yellowish red, brownish yellow, or 
yellow, according to the degree of concentration. The admixture of a 
small quantity of the protochloride gives it a green colour; a larger 
quantity colours it blue or purple. After being heated to the point at 
which it gives off hydrochloric acid, it dissolves but partially in water, 
with separation of a brown, flocculent, basic salt. (Berzelius.) 

2Ir 198-0 65-09 

3C1 106-2 34-91 



Ir-CP 304*2 100-00 



According to Glaus, the sesquichlorido is the most stable of all the 
compounds of iridium. 



C. BICHLORIDE OF IRIDITJM; IRIDIC CHLORIDE; or CHLORIRID IC 
ACID. 1. Formed Toy passing chlorine gas through water in w hi c jj 
iridium sal-ammoniac is diffused. (Vauquelin.) In this operation it ig 
necessary to guard against the formation of chloride of nitrogen, 
(Berzelius.)-- 2. By digesting an aqueous solution of the sesquichloride 
with agua-regia at a gentle heat. (Berzelius.) 3. By dissolving in ver-y 
strong aqua-regia the residue left by nitric acid in the analysis of osmide oJ 
iridium (p. 263; end of 27, )3). (Berzelius.) When one of these solutions is 
evaporated to perfect dryness at a temperature of at least 40, the watei 
and excess of acid evaporate; a small quantity of sesquichloride of indium 
is formed; and the bichloride is left in the form of a black mass, translucent 
at the edges with a dark red colour, and reduced by cracks to a coarse 
powder. (Berzelius.) Thomson (Schw. 47, 59) obtained it in brown-black 
shining tetrahedrons, which had a very rough and bitter taste, gave ofl 
2- 625 per cent, of water at a red heat, and when very strongly ignited, 
left nothing but 44 per cent, of iridium. It sustains a tolerably strong 
heat without decomposition, and when somewhat strongly heated in a 
retort, first gives off hydrochloric acid (inasmuch as it obstinately retains 
a small quantity of water) whereby iridic oxide is set free, and the 
compound loses its solubility in water and afterwards chlorine, in conse- 
quence of which a lower chloride is first left behind, and then metallic 
iridium. (Berzelius.) 

Ir 99-0 58-30 

2CL 70-8 40-70 



IrCl 2 .. 



169-8 100-00 



AQUEOUS BICHLORIDE OF IRIDIUM, or HYDROCHLORATE OF IRIDIC 
OXIDE. The anhydrous compound deliquesces in the air, and dissolves 
easily in water. A solution containing free acid may be obtained b} 
either of the three methods above described. The concentrated solutior 
is oily, almost black, and appears yellowish red at the edges by trans- 
mitted light; as the liquid is further diluted, it becomes brown-red, reddish 
yellow, and finally, with a very large quantity of water, yellow. At s 
boiling heat, it gives off chlorine, and is reduced to the state of sesqui- 
chloride. The alcoholic solution, when evaporated, gives off an ethereal 
odour, and deposits scarcely anything but sesquichloride. (Berzelius,) 
The solution, when diluted till it becomes yellow, is decolorized bj 
hydrosulphuric acid, ammonia, potash, soda, baryta, lime, zinc-sulphate, 
ferrous sulphate, ferrocyanide of potassium, and gallic acid; also in 24 
hours, by zinc and iron; protochloride of tin decolorizes it, with formation 
of a few yellow flakes; and mercurous nitrate, with copious formation 
of orange-yellow flakes. The following substances exert no decolorizing 
action : sulphuric, hydrochloric, nitric, oxalic, tartaric, citric, and acetic 
acid, hydrochlorate of mangaiions oxide, sulphate of ferric oxide, and 
sulphate of cupric oxide. (Thomson.) IT When a tolerably strong solu- 
tion of the bichloride is mixed with caustic potash, a cherry-red preci- 
pitate is first formed, consisting of very small crystals of chloriridiate 
of potassium, which, however, soon redissolves, the liquid acquiring an 
olive-green colour. If strong alcohol be then added, a white precipitate 
with a greenish tinge separates out, consisting of sesquichloride of iridium 
and potassium; it dissolves readily in water. It appears then that the 
potash abstracts chlorine from the bichloride, without replacing it by 
oxygen, acting, in fact, as it would with free chlorine, and producing 
chloride of potassium and chlorate of potash. The sesquichloriue salt 



thus formed is not decomposed by the free potash at ordinary tempera- 
tures; but on the application of heat., the colour changes from olive-irreen 
to pale yellow. ^ At this point, the sesquichloride of iridium is decom- 
posed, and sesquioxide separated; the latter, however, remains dissolved 
in the potash, so^ that no precipitate is formed. But, if the liquid be 
heated for some time, it absorbs oxygen, and the hydrated sesquioxide is 
converted into bioxide, and separates in the form of a blue precipitate 
(Glaus.) 1T 

Bichloride of iridimn combines with basic metallic chlorides, and 
dissolves readily in alcohol. (Berzelius. ) 

I). IRIDIC OXYCHLORTDE. On mixing the aqueous solution of chlor- 
iridiate of potassium with mercurous nitrate, this compound is preci- 
pitated in yellowish brown flakes, while corrosive sublimate remains in 
the liquid. When a larger proportion of mercurous nitrate is added, a 
light yellow mixture of that substance with calomel is precipitated, and 
this, when digested in the liquid, is converted into protoehloride of 
iridium, the precipitate at the same time acquiring a green colour. 
(Berzelius.) 

E. TERCHLORIDE OF IRIDIUM. Known only in combination with 
chloride of potassium. 

Ir 99-0 48-24 

3C1 106-2 51*76 

IrCL 3 ... 205-2 100-00 

1t According to Glaus, this so-called terchloride of iridium, as well as 
the corresponding oxide IrO 3 is in reality a ruthenium compound, having 
been formed by Berzelius from iridium containing ruthenium (see 
p. 388). IT 

IRIDIUM AND NITROGEN. 

A. NITRATE OF IRIDIOUS OXIDE, or IRIDIOUS NITRATE. Hydrated 
protoxide of iridium forms with nitric acid a dingy green solution, which 
gradually acquires a purple colour; but on evaporating to dry ness, ami 
redissolving in water, a greenish yellow liquid is again obtained. (Ber- 
zelius.) 

B. AMMONIO-SESQUIOXIDE OF IRIDIUM. Ammonia added to aqueous 
sesquichloride of iridium, throws clown a brown hydrate, Tvhich contains 
iridium, and is consequently reduced with slight detonation when heated. 
(Berzelius.) 

C. Ammon-io-protochloride of Iridium 1 From solutions of proto- 
ehloride of iridium combined with sal-ammoniac or chloride of potassium, 
ammonia throws down a light greenish-grey powder. This substance, 
when heated, undergoes partial fusion; intumesces; gives off, first am- 
monia, and afterwards hydrochloric acid and sal-ammoniac; and leaves 
56*5 per cent, of iridium; it therefore probably consists of the ammomo- 
protochloride. (Berzelius.) Ammonia poured upon pulverized chlor- 
iridiate of potassium likewise causes an effervescence arising from evolu- 
tion of nitric acid, and forms a brown liquid and greyish white 
precipitate. When the brown liquid is evaporated and the residue 
dissolved in a very small quantity of water, a small quantity of greyish 



ii , 



white powder is left, and a yellowish brown solution obtained, from which 
alcohol throws down the yellowish brown protochloride of indium and 
ammonium. The greyish white precipitate becomes light greenish grey 
when dry, and exhibits the above-mentioned relations of ammonio-proto- 
chloride of indium. (Berzelius.) 

Berzelius. 

NH 3 17-0 11-23 

Ir 99'0 65-39 65'5 

Cl 35-4 23-38 



NH 3 ,IrCl 151-4 



100-00 



D. PROTOCHLORIDE OF IRIDIUM AND AMMONIUM. NH 4 C1, IrCL 
Aqueous sesquichloride of iridium gently heated with sal-ammoniac, is 
resolved into a precipitate of bichloride of iridium and ammonium, and a 
green solution of protochloride of iridium and ammonium; and on evapo- 
rating the latter, there remains a crystalline mass soluble in hydrated 

alcohol. [According to Clans, this compound is identical with the following 

(seep. 379)]. 

E. SESQUICHLORIDE OF IRIDIUM AND AMMONIUM. When sesqui- 
chloride of iridium dissolved in a small quantity of water, is mixed with 
a quantity of sal-ammoniac not sufficient to convert it completely into 
the chlorine- salt, and the solution left to evaporate spontaneously, there 
remains a brown-black, amorphous mass, which remains dry in the air, is 
insoluble in alcohol, and is partially precipitated in the form of a brown 
powder on the addition of alcohol to its aqueous solution. If the sal-am- 
moniac is in excess, and especially if heat be applied, the liquid acquires a 
dingy green colour, and deposits bichloride of iridium and ammonium, while 
protochloride of iridium and ammonium remains in solution. (Berzelius.) 

F. BICHLORIDE OF IRIDIUM AND AMMONIUM, or CIILORIRIDIATE OP 
AMMONIUM. Iridium Sal-ammoniac. Precipitated in the form of a dark, 
cherry -red powder on adding sal-ammoniac to the concentrated aqueous 
solution of the sesquichloride or bichloride of iridium, or of chloriridiate 
of sodium. Preparation (p. 259, No. 24). Small reddish black octo- 
heclrons, yielding a dark red powder, and isomorphous with platinum 
sal-ammoniac. This compound, when heated to redness, yields 45 pei 
cent, of grey, spongy iridium. (Vauquelin.) When suspended in water 
through which a stream of chlorine gas is made to pass, it is decomposed, 
with evolution of nitrogen gas and formation of hydrochloric acid, and 
converted into hyclrocLlorate of iridic oxide, with excess of acid. (Des- 
cotils.) 1 pt. of the salt dissolves in 20 parts of cold water, forming 
a dark brown red liquid; but it communicates a perceptible yellow colour 
even to 4000 parts of water. (Vauquelin.) The aqueous solution 
supersaturated with ammonia forms a pale yellow mixture, which 
becomes perfectly colourless when exposed to light, but afterwards turns 
purple, then violet, and finally assumes a beautiful blue colour, 
(Vauquelin.) 

From an aqueous mixture of hydrochlorate of platinic oxide and 
hydrochlorate of iridic oxide, sal-ammoniac throws down a mixture oi 
chloroplatinate and chloriridiate of ammonium, and even a small quantity 
of the latter imparts to the former a brick-red colour. (Descotils.) An 
analysis by Hermann (Pogg. 37, 408) of a mixture of this kind, from the 
Petersburgh platinum works, containing more iridium than platinum, is 
given in the following table. 






Indium Sal- ammoniac. Crystallized. Vauquelin. 

NH 4 C1 53*4 .... 23-92 

Ir 99'0 .... 44-36 45 

2C1 70-8 .... 31-72 



NH 4 Cl,IrCl 2 223-2 ... lOO'OO 

Platinum-iridium Sal-ammoniac. 



892-8 



100-00 



Hermann. 



Pt 


99-0 


11-09 


10*59 


Sir . 


297-0 


33-97 


"31*76 


Pd 






1*5 


8C1 


283-2 


31-79 













IRIDIUM AND POTASSIUM. 

A. PROTOXIDE OP IRIDIUM WITH POTASH. When protoeliloride of 
indium is boiled with potash, part of the resulting protoxide remains 
dissolved in the excess of potash. The filtrate gradually absorbs oxygen, 
becoming first purple-red and afterwards dark blue. Also, when carbo- 
nate of potash is added to aqueous protochloride of iridium and potas- 
sium, a small quantity of the hydrated protoxide thereby produced 
remains dissolved in the excess of alkali, forming a yelloVish green 
solution. (Berzelius.) 

When iridium is ignited with hydrate of potash or with nitre, it 
oxidizes at the expense of the air or the nitric acid, and forms a blue- 
black powder, which, as it contains excess of potash, partly dissolves in 
water, and forms a beautiful blue solution; while another portion, pro- 
bably containing excess of iridic oxide, remains behind, but dissolves in 
hydrochloric acid, yielding a blue solution. If the metal has passed to a 
higher state of oxidation during the ignition, the aqueous solution of the 
black powder exhibits a purple colour. (Vauquelin.) 

SESQUIOXIDE OF IRIDIUM WITH POTASH. 1 . When potash is added 
to hydrochlorate of sesquioxide of indium, the dark brown hydrate 
thereby precipitated always contains more or less potash (vid. Hydrated 
Sesquioxide of Iridium, p. 372). 2. The compound is best obtained by 
heating iridium to whiteness in contact with nitre. The fused product 
dissolves in a small quantity of lukewarm water, forming a yellowish 
brown solution; but on dilution with water, the solution deposits a larger 
quantity of oxide, after some time at ordinary temperatures, but imme- 
diately on boiling. This solution, when filtered, colours the paper green, 
and stops it up by the formation of hydrated protoxide. 3. When finely 
divided iridimn is ignited with hydrate of potash, either mixed with 
nitre or exposed to the air, a dark yellowish brown solution is formed, 
partly soluble in water. a. The undissolved portion consists of a 
large quantity of sesquioxide and a small quantity of potash, together 
with metallic iridium and the protoxide, which remain behind on 
dissolving the sesquioxide in acids. ft The solution is deep brown- 
yellow, contains a proportionately larger quantity of potash, and, when 
exposed even to slight reducing influences, deposited the [hydrated] 
protoxide, the reduction taking place the more easily as the liquid is 
more diluted. (Berzelius.) [According to Glaus, however, the characters 
just described belong properly to ruthenium, the experiments of Berzelius 



having been made with a mixture of indium and ruthenium (vid.inf.)].^ 
4. When bioxide of iridium is fused with carbonate of potash at a very 
strong heat in a platinum or silver crucible, carbonic acid is evolved, and 
a yellow or brownish yellow compound of sesquioxide of iridium witli 
potash is obtained. If the mass be taken out of the crucible in the dry 
state, the surface of the crucible appears bright; but if it be dissolved in 
the crucible in hot water, the platinum or silver becomes covered with a 
dark greenish brown crust of oxide. 4. Also, when bichloride of iridium 
and potassium is ignited with carbonate of potash, a mass is obtained, 
from which water extracts a compound of potash and sesquioxide of 
iridium, which tinges it yellow. (Berzelius.) 

No compound is obtained by gently igniting the sesquioxide with 
carbonate of potash. (Berzelius.) 

11 C. TEROXIDE'OF TRIDIUM WITH POTASH. Iridiate of potash. When 
pure iridium is ignited for two hours with a sufficient quantity of nitre 
in a silver crucible, a blackish green mass is obtained, which partly 
dissolves in water, yielding a deep indigo-coloured solution (of basic 
iridiate of potash), and partly remains undissolved, in the form of a 
blackish blue crystalline powder (acid iridiate of potash). This powder, 
when washed, is perfectly neutral' and tasteless, gives off a very large 
quantity of chlorine when immersed in hydrochloric acid, and dissolves 
completely in that acid, forming an indigo-coloured solution. The 
powder consists of 61*79 per cent, of iriclium, 14*99 oxygen, 11*89 potasl 
and 11*33 water. The quantity of potash, however, is variable, but tlic 
iridium and oxygen constantly maintain the proportion of 1 At. indium 
to 3 At. oxygen. (Glaus, Ann. Pharm. 59, 249.) IT 

D. SULPHIDE OF IRIDIUM AND POTASSIUM. "When indium-powder is 
kept for some time in a state of red-hot fusion with potash and sulphur 
and the fused mass when cold digested in water, protosulphide of iridiun 
and potassium is separated (bisulphide, according to Fellenberg), and i 
green solution formed, from which acids throw down sulphide of iridium 
(Berzelius.) 

IT E. SULPHITE OF IRIDIOUS OXIDE AND POTASH. This salt is oh 
tained in the form of a white powder when the solution from which the sal 
G has crystallized out is evaporated to a small bulk; it must be wasliet 
with water till the wash-water gives with chloride of barium a precipi 
tate perfectly soluble in hydrochloric acid. White powder, having i 
somewhat crystalline character, nearly tasteless and insoluble in water 
Hydrochloric acid dissolves it readily, with evolution of sulphurous acid 
and converts it into a yellow prismatic salt, in which 3 At. sulphurou 
acid are replaced by 3 At. chlorine. It dissolves in caustic potash mon 
easily than in water ; and the solution, when heated, is decomposed, afte: 
a while, with separation of blue hydrate of iridic oxide. The crystallini 
salt contains 3 At. water which are given off at 180; at a higher tempe 
rature, complete decomposition takes place, sulphurous acid and sulpliu 
being evolved, and a residue left consisting of iridium and sulphate o 
potash. 

Anhydrous. Glaus, 

3KO ................................................ 141-6 .... 34-64 ........ 34-29 .... 34-4 

Ir .................................................... 99-0 .... 24-15 ........ 24*74 .... 24'3: 

O .................................................... 8-0 .... 1-95 ........ 0-27 .... 0-7: 

5S0 2 ................................................ 160-0 .... 39-26 ........ 40-70 .... 4(H 



408'G 



100-00 



lOO'OO 



100-0 



Crystallized. 

3KO 141-6 .... 31-22 

Ir y9-0 .... 21-82 

O 8-0 .... 1-76 

5S0 2 160-0 .... 35-27 

5HO 45-0 .... 9-93 



Clmis. 



10-00 



453'6 



lOO'OO 



(Glaus, Ann. Pharm. 63, 352.) JT 

F. PROTOCIILORIDE OF IRIDIDM AND POTASSIUM. KCLIrCL-- 

1. Formed by mixing the solution of protocliloride of indium in hydro- 
chloric acid with chloride of potassium, and evaporating to dryuess. _ 

2. By adding chloride of potassium to an alcoholic solution of sesquichloride 
of iridium, and distilling off the alcohol. A small quantity of metallic 
indium then separates, and part of the protochloride of iridium and 
potassium is precipitated, while the rest remains in solution, colouring 
the liquid greenish brown ; and on evaporating this solution, indistinct 
crystals are obtained, which are dark green while moist and become 
yellowish green when dry. The salt is insoluble in alcohol, which 
however does not precipitate ifc completely from its aqueous solution. 
(Berzelius.) [According to Glaus, this is really a sesqui-chlorine com- 
pound (see page 379). No analysis of it is. given by Berzelius.] 

GL SESQUICHLORIDE OF IRIDIUM AND POTASSIUM. IT a. With 3 
At. Chloride of Potassium. When finely pulverized bichloride of iridium 
and potassium is immersed in 8 times its weight of water, aud sulphurous 
acid gas passed through the liquid till the whole of the salt is dissolved, 
the bichloride of iridium is reduced to sesquichloride, with formation of 
sulphuric and hydrochloric acids ; any platinum, palladium, osmium, 
rhodium, or ruthenium, that may be mixed with the indium-salt remain 
undissolved. On adding a highly concentrated solution of carbonate of 
potash in quantity sufficient to saturate the free acids, a light olive green 
precipitate is formed, consisting of small prisms having a diamond lustre, 
and composed of 3KCl,Ir 2 CP+3 Aq. 2. The same compound may be 
obtained by gently igniting the bichloride of iridium and potassium, 
either alone, or mixed with one-third of its weight of carbonate of potash, 
exhausting with water, and leaving the solution to crystallize. This 
mode of preparation, however, is less advantageous than the former, 
because a large proportion of the salt which it should yield is entirely 
decomposed during the process, and metallic iridium separated. The 
crystallized salt effioreses rapidly in dry air; it is insoluble in alcohol, 
but easily soluble in water; alkalis decompose it with difficulty. Nitrate 
of silver throws down a precipitate in which the 3 At. potassium are 
replaced by silver. 



w 


Dried in 


the air. 
141-6 .. 
198-0 .. 
212-4 .. 


.. 22-30 
.. 37-35 
.. 40-35 


Glaus (mean). 
.... 22-48 
.... 37-25 
.... 40-25 


Or: 
3KC1 
Ir-CP 


247*8 .... 
304-2 .... 


42-47 
57-53 


>Tr 




CC1 






3KCl + Ir-Cl 3 
3KT.1 


552-0 , 


...100-00 .... 99-98 

Crystallized. 
247-8 .. 


,. 40-90 


552-0 .... 
Claus 

9-45 


100-00 
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304-2 ... 


,. 50-19 
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54-0 ... 
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606-0 ... 


,. 100-00 
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The solution from wliicli the greater part of this salt lias been preci 
pitated by carbonate of potash, retains its olive-green colour at 'ordinan 
temperatures, but if heated for a while, it turns red and afterward 
light-yellow. Several compounds are then formed, which separate 01 
evaporation, or on mixing the concentrated solution with water, and an 
difficult to obtain in a state of purity. They all contain sulphurous acid 
chlorine, and protoxide of iridium ; they are sparingly in water ; giy, 
off sulphurous acid when heated; dissolve with tolerable facility i 
hydrochloric acid, with evolution of sulphurous acid, and are thereto 
converted into easily soluble crystalline salts. These compounds will b" 
specially described further on. (Glaus, Ann. Pharm. 63, 341.) 1 

b. With 2 At. Chloride o/ Potassium, 1. Formed by mixing th 
aqueous solution of sesquichloride of iridium with a quantity of chlorid 
of potassium not sufficient to convert it completely into the doutl 
chloride, and leaving it to evaporate at ordinary temperatures or at \ 
very gentle heat. If the chloride of potassium be added in excess, an< 
the solution warmed, it becomes dingy green, and deposits bichloride c 
iridium and potassium, while the.protochloride of iridium and potassiur 
remains in solution. 2. By heating a mixture of bichloride of iridiui 
and potassium, and finely divided iridium to redness in a glass tube 
exhausting the unfused mas.s with water, evaporating the solution- 
whereupon a small quantity of bichloride of iridium and .potaseiur 
separates out and evaporating the decanted liquid to a smaller bulk.- 
Brown-black (inclining to green, if mixed with protochloride of iridiui 
and potassium); amorphous, permanent in the air, easily soluble with dar 
brown colour in water, but insoluble in alcohol, which partly precipitate 
it from its concentrated aqueous solution, in the form of a brown powder 
hence the salt may be purified by precipitation with alcohol. (Berzelius.)- 
On evaporating the aqueous solution to dryness, there is sometime 
obtained a mixture of bichloride of iridium and potassium, and a dar 
blue or dark green chlorine- salt, which, being more easily soluble, ma 
be dissolved out by a small quantity of water, and from which potas 
precipitates the blue oxide. If chloride of potassium has been previous! 
added, the liquid which stands above the bichloride of iridium and potaf 
sium is blue or violet (green, if it contains iron); but it soon deposil 
protochloride of iridium and potassium, while the sesqui-chlorine compoun 
remains dissolved, forming a yellowish brown solution. (Berzelius.) 

Dried at 100. Berzelius. 

2KC1 149-2 .... 32-91 32-00 

2Ir 198-0 .... 43-67 43-91 

3C1 106-2 .... 23-42 24'09 



2KCUr-Cl 3 453-4 .... 100*00 lOO'OO 

H. BICHLORIDE OF IRIDIUM AND POTASSIUM. Chloriridiate c 
Potassium. 1. Formed by passing chlorine gas over a gently ignite 
and intimate mixture of finely divided iridium and chloride of potas 
sium; filtering the solution to separate the unaltered iridium; dissolvin 
the unfused, black -brown mass in hot water; mixing it with aqua-regi 
(to furnish additional chlorine to any sesquichloride of iridium that ma; 
be present); evaporating to dryness; extracting the excess of chloride c 
potassium by small quantities of cold water; dissolving the residue i: 
boiling water; adding a small quantity of aqua-regia to the solution; an 
evaporating to the crystalline point. The blackish-brown mass may als 
be first treated with cold water to extract the free chloride of potassimi 



and afterwards with boiling water to dissolve the double chloride. (Ber- 
zelius.) 2. By adding chloride of potassium to an aqueous solution of 
bichloride of indium. (Vauquelin.) This compound is likewise obtained 

in the course of the analysis of platinum ore (p. 262 ; No. 27). Small 

shining, reddish black, regular octohedrons, which yield a dark red 

powder. (Vauquelin.)- Decrepitates when heated. (Vauquelin.) Not 

decomposed by gentle ignition; but when strongly heated, it is converted 
into sesquichloride of iridium and potassium (Berzelius), and when still 
more strongly ignited, leaves a residue of iridium mixed with chloride of 
potassium. (Vauquelin.) If the compound be intensely ignited till the 
chloride of potassium evaporates, the iridium remains in the form of a 
skeleton, consisting of metallic-looking scales. ('Wohler, Pogg. 31, 167.) 
When ignited in an atmosphere of hydrogen, it gives off 29 per cent, of 
chlorine, and is converted into a mixture of iridium and chloride" of 
potassium. (Berzelius.) With excess of aqueous potash it behaves in the 
same manner as iridium sal-ammoniac with excess of ammonia. (Vau- 
quelin.) Dissolves slowly in cold water, and in 15 pts. of boiling water, 
from which only of the original quantity separates out o 4 ncooling! 
(Vauquelin, Ann. Cliim. 88, 234; SO, 260.) In the state of powder, tt 
dissolves quickly in pure boiling water, forming a liquid, which appears 
deep red in the mass, but yellow in thin films. Does not dissolve in 
water saturated with chloride of calcium and other salts, or in alcohol, 
and is completely precipitated from its aqueous solution by alcohol, in the 
form of a dark red powder, especially if the alcohol contains chloride of 
potassium in solution. (Berzelius.) 

Yauquelin. 

KC1 74-6 .... 30-52 

Ir 99-0 .... 40-51 37 

2C1 70-8 .... 28-97 

KClJrCl 2 244-4 .... lOO'OO 

This indium-salt crystallizes in various proportions with the corre- 
sponding platinum-salt, with which it is isomorphous. A compound of 
this nature, examined by Hermann (Pogg. 37, 408) contained^ per cent. 
(1 At.) of iridium and 32 per cent. (4 At.) of platinum. 

I. TERCIILORIBE OF IRIDITJM AND POTASSIUM. When osuiide of iridium 
ignited with nitre and purified as completely as possible (p. 262, No. 23), 
is distilled with aqua-regia, the residue dissolved in water in the retort, and 
the filtrate evaporated to dryness, and afterwards exhausted with succes- 
sive small quantities of water, the first solution appears slightly coloured 
and contains scarcely anything but chloride of potassium ; the following 
solutions have a dark rose-colour, proceeding from terchloride of iridium 
and potassium; and the last are coloured yellow by bichloride of iridium 
and potassium, the quantity of which is greater than that of either of the 
other salts. The red solutions are evaporated by themselves; the residue 
pulverized and freed from excess of chloride of potassium by digestion in. 
alcohol of specific gravity 0'S4, which thereby acquires but a very slight 
red tinge; the residual brown powder dissolved in water; and tlie rose- 
coloured solution abandoned to spontaneous evaporation, whereupon the 
compound crystallizes out. This compound is not obtained by saturating 
the aqueous solution of bichloride of iridium and potassium with chlorine 
gas, or by evaporating it with, aqua-regia or with chlorate of potash and 
hydrochloric acid. Forms rhombic prisms with dihedral summits, which 

2 c 2 



are even deceptively like those of sesquichloride of rhodium and potas- 
sium; they are brown by transmitted, and ruby-red by reflected light. 
When perfectly dried and then heated in an atmosphere of hydrogen gas 3 
it is resolved into 24-17 per cent, of chlorine, which goes off as hydro- 
chloric acid, 23-92 of indium, arid 51*91 of chloride of potassium. Its 
rose-coloured aqueous solution when repeatedly evaporated, deposits 
protochloride of iridium in the form of a green, powder. Alcohol preci- 
pitates the compound from its aqueous solution in the form of a pale 
rose-coloured powder ; a small quantity, however, remains dissolved witt 
a pale red colour, and is left unaltered when the alcohol is distilled off, 
Sulphuretted hydrogen does not form an immediate precipitate in the 
aqueous solution, but only when digested with it in a stoppered bottle at 
the temperature of 60 ; and even then the precipitation is imperfect 

(Berzelius.) 

x Berzelius. 

3KC1 223-8 .... 52-17 51-91 

Ir 99-0 .... 23-08 23'92 

3C1 106-2 .... 24-75 24*17 



100-00 



100*00 



3KCl,IrCl 3 429-0 

f According to Clans, the compound obtained by Berzelius is really a ruthenium 
compound, having been obtained from osmide of iridium containing ruthenium. Onth 
contrary, the compound formed by fusing pure iridium with nitre, and treating th 
product with hydrochloric acid, contains, not terchloride but bichloride of iridiun 
(Ann.Pharm. 59, 249.) fl 

IT K. SULPHITE OF IRIDIOUS OXIDE WITH CHLORIDE OP POTAS 
SIUM. Formed by treating the salt G (p. 385) with hydrochloric acid 
A light yellow solution is then obtained, which, on evaporation, yield 
pale yellow prisms, very soluble in water, and having an astringent am 
somewhat sweetish taste. At a red heat, the salt is resolved into sulphu 
rous acid, iridium, and a mixture of chloride of potassium and sulphat 
of potash. (Glaus, Ann. Pkarm. 63, 354.) 

Claus. 



3K 


117-6 


29-79 




I 


99-0 


25-02 


25-00 





8-0 


2-02 




2S0 2 


64-0 


16-26 


17-33 


3C1 


106-2 


26-91 


26-47 











,2S0 2 394'8 .... lOO'OO 

L. CHLOROHYPOSULPHATE OF IRIDIOUS OXIDE WITH SULPHATE o 
POTASH. When the mother-liquor from which the following red salt JS 
lias separated, is evaporated to a small bulk, a mixture of the white sa! 
E, with a further portion of the salt M, separates from it in the form ( 
powder; and on decanting the remaining liquid, concentrating it sti. 
further, and mixing it with a large quantity of water, a flock j, wliitis 
yellow precipitate separates out, which, if lieated together mth the liquk 
collects at the bottom of the vessel in the form of a dirty yellow, visci 
mass, consisting of the salt L mixed with the white salt E. The liqui 
is then boiled till the whole is dissolved, the solution filtered hot, an 
then left to itself for several days, whereupon the salt L separates out i 
a state of purity, and forming a- translucent mass having a fine ambe 
colour and the consistence of turpentine. It dries up to an amorphoui 
brittle, translucent substance, which yields a lemon-yellow powder. Th 
salt is decomposed by water, part of it dissolving, and the rest behi 



converted into the white* salt E; hence its preparation presents great 
difficulty. (Glaus, Ann. Pfiarm. 63, 351.) 



Clans. 



4KO 


188-8 


29-96 




OQ-in 


9l r 


198-0 


31-49 




yf-lR 


2O 


16-0 


2*55 




O.KS: 


6S0 2 


192-0 


30*46 




oa.jm 


Cl 


35-4 


5*61 




5* 7 A 













4(KO,S0 2 )4-2IrO,S 2 1 Cl C30-2 .... 100*00 



100-00 



The acid supposed to be combined with the protoxide of indium in 
this and the two following compounds, is formed from hyposulphuric acid, 
S 2 5 , by the substitution of 1 At. chlorine for 1 At. oxygen. 

M. CHLORO-HYPOSULPHATE OP IRIDIOUS OXIDE WITH CHLORIDE OF 
POTASSIUM. 4KCl-f 2lr0 5 S 2 O i C]. Formed by treating the following 
salt N, with hydrochloric acid, in which it dissolves easily, forming a 
yellow solution. On evaporating the liquid, sulphurous acid is given off, 
and when a certain degree of concentration is attained, the solution 
becomes red, and yields prismatic crystals having an intense red colour 
and a diamond lustre. The salt has a sweet, astringent taste, dissolves 
readily, with a yellow colour, in water, but is insoluble in alcohol. The 
crystals when moistened -with, water, combine with it, become opaque, 
assume a yellow colour, and lose their lustre. When they are strongly 
heated, sulphurous acid escapes, and a residue is left consisting of iridium 
and chloride of potassium. Alkalis slowly decompose the salt, and 
aqua-regia converts it, after some time, into a salt of iridic chloride. The 
crystals when dried in the air, contain 5*6 per cent, of water = 4 At. 
which is expelled with difficulty at 180. (Glaus, Ann. Pharm. 63, 349.) 

Anhydrous. Clans. 



4K 


156-8 


.... 25*65 
.... 32-23 
.... 2-66 
.... 10-52 
.... 28-94 


25-24 . 
32-22 
3-08 ." 
10*23 . 
29-23 . 


24-30 
32-19 
4-99 

10-00 

28-52 


2Ir 


198-0 


20 


16-0 


2SO 2 


64-0 


5C1 


177-0 






4KCl-f2IrO 3 S 2 4 Cl 
4K 


.. 611-8 


.... 100-00 

Crystal 
. 156-8 ... 


lized. 
24-20 
30-56 
2-47 
9-88 
27-33 
5-56 


100-00 .... 

Claus. 
5-6 


100-00 


2lr 




. 198-0 ... 


20 




16-0 ... 


2SO- 




64-0 ... 


5C1 




. 177-0 ... 


4HO 




36-0 ... 









4KCl-f2lrO,S 2 O 4 Cl+4Aq 647'S .... 100*00 

N. CHLORO-HYPOSULPIIATE OF IRIDIOUS OXIDE WITH SULPHITE OP 
POTASH AND CHLORIDE OP POTASSIUM. This compound is obtained by 
dissolving 1 part of sesc[ trichloride of iridium and potassium (Gr, a> page 
885) in 12 parts of water, mixing the liquid with a solution of | pt. 
carbonate of potash previously saturated with sulphurous acid, heating 
the mixture in a porcelain tasin till the olive-green colour changes to 
red, and setting it aside for a few days. The salt then separates out in 
small, flesh-coloured or minium-coloured, six-sided prisms, which are par- 
tially decomposed by solution in hot water, but dissolve in caustic potash 
more easily than in water, forming a yellow solution which becomes dark 



l/i 



ni 



green when heated, but recovers its yellow colour on being saturated witTo 
nitric acid, a white precipitate being at the same time produced. If the 
alkaline liquid be heated without addition of nitric acid, the blue hydrate 
of iridic oxide separates out. Aqua-regia slowly converts the salt intc 
a new compound containing bichloride of indium. The salt after bein^ 
dried in the air gives off from 14'7 to 15 per cent, of water (= 12 At; 
at 18-0. 



4K 


156-8 .. 


Clans (mean] 
.. 25-26 . 25-33 


Sir 


198-0 .. 


.. 31*79 . .. . 31-59 


4O 


32-0 .. 


5*14 . .. . 4-86 


4S0 2 ... . . 


128-0 .. 


.. 20'70 . 20-91 


3C1 


106-2 .. 


17-11 . ... 17-31 



2(KO,SO 2 ) + 2KCl+2IrO,S 2 4 Cl 621-0 .... 100-00 100*00 



4K 


Crystallized. 
:.. 156-8 




21-51 


Clans. 


2lr 


198-0 




27-15 




40 


32-0 




4-37 




4SO 3 


128-0 




17*51 




3C1 


, 106-2 




14-56 




12HO 


108-0 




14-90 .... 


.... 14-75 15-0 













>,S0 2 ) + 2KCl + 2lrO,S 2 4 Cl+12Aq. 729'0 .... lOO'OO 

The composition of this salt may likewise be represented by th 
formula, 4(KO,S0 2 ) + Ir 2 Cl 3 , according to which it might be regarded a 
a compound of sesquichloride of iridium with sulphite of potash. ] 
appears however to contain, not the sesquioxide, but the protoxide ( 
iridium, and hence the formula above given is to be preferred. TL 
relation between this salt and the preceding compounds L and M, tenc 
likewise to the same conclusion ; for the salt M is evidently formed froi 
N by the substitution of 2 At. KC1 for 2 At. KO,S0 2 (or of 201 ft 
2S0 3 ); and if N be regarded as a compound of 4(KO,S0 2 ) with Ir 2 Cl 
it is not very apparent why the hydrochloric should decompose onl 
half the sulphite of potash contained in it. The salt L is evident! 
formed from N by the substitution of 2 At. sulphite of potash for 2 A 
chloride of potassium. (Claus, Ann. Pharm. 63 A 344-348.) IT 

IRIDIUM AND SODIUM. 

A. PROTOCHLORIDE OP IRIDIUM AND SODIUM. NaCl, IrCl. - 
1. Formed by mixing a solution of protochloride of iridium in hydroclilor 
acid with cdmmon salt, 2. By adding sal-ammoniac to a hot concentratt 
solution of sesquichloride of iridium and sodium. By this means, I 
chloride of iridium and ammonium is precipitated, while protochloride 
iridium. and sodium remains in solution. The latter is green, and leave 
on evaporation a green, deliquescent, saline mass, soluble in alcolit 
(Berzelius.) 

B. SESQUICHLORIDE OF IRIDIUM AND SODIUM. Chloriridiate 
Sodium. Sesquichloride of iridium dissolved in water, is not decoi 
posed on evaporation, even with excess of common salt, (as it is wi 
chloride of potassium,) but forms 'with it a coal-black salt, which do 
not fuse when heated, deliquesces in the air, and dissolves in water ai 

1 alcohol, forming solutions whose colour resembles that of venous blo< 
diluted with, waters 



C. BICHLORIDE OF IRIDIUM AND SODIUM. Obtained by a process 
similar to the first of those described for the preparation of the corre- 
sponding potassium salt, viz., by heating a mixture of iridiuin and common 
salt in chlorine gas, &c. Black tables and four-sided prisms with dihedral 
summits, isomorphous with the corresponding platinum-salt; when 
heated, they leave the anlrydrous salt in the form of a brownish grey 
powder. They are easily soluble in water. Sal-ammoniac added to 
the solution, throws down a precipitate of chloriridiate of ammonium. 
(Berzelius.) 

Anhydrous. Crystallized. 

NaCl 58-6 .... 25'CG KaCl 58*6 .... 20-75 

Ir 99*0 .... 43-34 IrCl 2 169'8 .... 60'Ki 

2C1 70-8 .... 31-00 GHO 54*0 .... 19-12 

NaCl,IrCl 3 228' 4 .... lOO'OO +6Aq 282-4 .... KMHuT 



IRIDIUM AND BARIUM. 

When sulphate of iridic oxide is precipitated with chloride of barium, 
the sulphate of baryta carries down with it a large quantity of iridic 
oxide, in a state of intimate combination, acquiring thereby a rusty 
yellow colour. (Berzelius.) 



IRIDIUM AND CALCIUM. 

Milk of lime added to an acid solution of the blue oxide, throws 
down a blue compound of the oxide with liine. (Vauquelin.) 



IRIDIUM AND ALUMINUM. 

An aqueous mixture of a blue salt of iridium with aluni, yields, when 
treated with ammonia or potash, a blue precipitate, less soluble in excess 
of alkali than the pure blue oxide. (Vauquelin.) 



IRIDIUM AND CHROMIUM. 

Chroniate of potash added to hydrochlorate of iridic oxide, threws 
down an olive-green powder. 



IRIDIUM AND ARSENIC. 

Arseniate of potash heated with hydrochlorate of iridic oxide, throws 
down a brown precipitate. (Thomson.) 



IRIDIUM AND TIN. 

ALLOY OF IRIDIUM AND TIN. 1 part of iridium unites with 4 parts 
of tin, at an intense red heat, forming a dull white, easily crystallisable, 
hard, malleable alloy. (Vauquelin.) 



IRIDIUM AND LEAD. 

ALLOY. 1 part of iridiuin and 8 parts of lead, heated together to an 
intense red heat, unite and form an alloy which is ductile ? but muct 
harder and whiter than lead, and gives up its lead to nitric acid, the 
iridium remaining in the form of a black powder. (Vauquelin.) "Wher 
this alloy is cupelled, the iridium is left behind in the form of a sofl 
black powder. (Tennant.) 

IRIDIUM AND COPPER. 

ALLOY. 1 part of iridium combines at a white heat with 4 parts o 
copper, forming a ductile, pale red alloy, which is much harder thai 
copper, and behaves with nitric acid in a similar manner to the lead alloy 
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IRIDIUM AND MERCURY. 

AMALGAM or IRIDIUM. Sodium-amalgam immersed in an aqueous soli 
tion of chloriridiate of sodium, yields a viscid amalgam, its formation bein 
attended with separation of greyish black flakes and violent evolution < 
hydrogen gas. The amalgam, when very strongly ignited, leaves a blac 
powder, from which boiling nitric acid still extracts a small quantity < 
mercury, leaving a residue of pure iridium, soluble in boiling aqua-regii 
(Bbttger, J. pr. Cliim. 12, 252.) 



IRIDIUM AND SILVER. 

A. ALLOY. One part of indium unites but imperfectly with 2 par 
of silver. (Yauquelin.) Tennant likewise obtained a malleable allo ( 
which, however, appeared to be only a mixture. 

1FB. CHLORIDE OF IRIDIUM AND SILVER. 3AgCl + IrCP. Nitra 
of silver forms with chloriridiate of potassium, a deep indigo-coloure 
flocculent precipitate, which, however, becomes paler in a few seconc 
and finally loses its colour altogether. The supernatant liquid is colou 
less, and contains nitrate of potash and free nitric acid, but no iridiui 
The reaction, which is attended with evolution of oxygen, takes place 
follows : 

3(AgO,N0 5 ) + 2(KCUrCi 2 ) = 3AgClJr 2 CP + 2(KO,N0 5 ) + NO 5 + 0. 

A boiling solution of chloriridiate of potassium forms the same coi 
pound immediately, without the intermediate production of any bl 
substance. The compound is insoluble in water and in acids, a: 
sparingly soluble in caustic ammonia. If it be covered with a stro: 
solution of ammonia, and allowed to stand in contact with it for a ft 
days, one portion dissolves, while another portion is converted into 
shining, crystalline powder, of a light yellow colour, with greeni 
iridescence. This crystalline powder, which, when examined by t 
microscope, appears to be composed of rhombobedrons having a diamo 
lustre, is merely the same compound in the crystalline state. (Cla 
Ann. Pharm. 63, 338.) 











Claus. 




flt AfT 


324-0 


.... 44-15 ... 


46-36 


.... 45-01 


.... 44*00 


9Tr . ... 


198*0 


.... 26-89 ... 


25*82 


.... 26*96 


26*90 


6C1 


212-4 


.... 28-96 ... 


27'82 


.... 28*03 


.... 29*10 


3AgCUr-CP 


734-4 


.... 100-00 ... 


100-00 


.... 100*00 


.... 100*00 



IRIDIUM AND GOLD. 

ALLOY. Malleable compound, having a colour not differing mucli 
from that of gold ; when it is treated with aqua-regia, the indium is 
left behind in the form of a black powder. 



IRIDIUM AND PLATINUM. 

ALLOYS. Equal weights of the two metals form a brittle alloy, 
capable of welding to a certain extent. (Berzelius.) The alloy of 1 pt. 
iridium and 10 platinum fused together in the flame of the oxy-hydrogen 
blowpipe, is very malleable, susceptible of hardening, does not'tarnish, 
and when laid upon copper, serves for metallic mirrors. (Gaudin, J. pr. 
Chem- 16, 55.) The alloy of platinum with a few parts per cent, of 
iridium is ductile, much harder than pure platinum, and more capable 
of resisting the action of fire and of chemical reagents. (Berzelius.) 

a. Native alloy of Iridium and Platinum, the so-called Native 
Jridium, from the Ural. Cubo-octohedrons, whose specific gravity varies 
from 21 '85 to 22'65 and 22-8. (G. RoBe,Pogg. 34, 377; comp. Breithaupt, 
JSchw. 69, 96.) 

5. A mineral from Brazil, said to be an osmide of iridium. White 
round grains ; of specific gravity 16*94. (Svanberg, Jakre&berickt* 15, 

205.) 

Svanberg. 



Pt .. 


a. 
19-64 


b. 
55*44 


Pd 


0-89 


0*49 


R 




6-86 


Ir 


76*85 


.. 27*79 


Os 




trace 


Fe 




4-14 


Cu . 


1-78 


3*30 









99*16 .... 98-02 



Iridium likewise combines with Osmium. 
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CHAPTER XLIII. 



RUTHENIUM. 



1 
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Clans. Pogg. 64, 192, and 624; 65, 200; abstr. Eerz. Jahresb. 25, 205; 
Ann. Pkarm. 5G, 257. Further, Ann. Pharm. 59, 234. Further, 
Ann. Pkarm 63, 259. 



History. Osann, in 1828, (Pogg. 14, 329,) described his experiments 
with the residue of Siberian platinum ore, after treatment with aqua- 
regia, and thought that he had discovered in it two new metals, one of 
which he called Pleuranium, and the other Ruthenium. This investiga- 
tion, which led to no definite results, was afterwards taken up by Glaus, 
who succeeded in denonstrating the existence of one new metal in the 
.platinum residues. To this metal he gave the name of Ruthenium, 
because it occurred in small quantity in the substance which Osann had 
distinguished by the name of oxide of ruthenium, which, however, Glaus 
.found to consist for the most part of silica, titanic acid, ferric oxide, and 
zirconia. The new metal has since been more particularly examined by 
Claus, to whom indeed we are indebted for all that is at present known 
on the subject. 

* Sources. In platinum ore, both Bnssian and American, but in quantity 
not exceeding 1 or 1-J per cent. It forms part of the native osniide of 
indium, in which it is associated with platinum, rhodium, indium, and 
osmium. The different varieties of this mineral analyzed by Claus, con- 
tained from 3 to 6 per cent, of ruthenium, 10 platinum, 1| 2 rhodium, 
together with traces of copper, iron, and palladium. The Trite discovered 
by Hermann likewise contains 3 per cent, of ruthenium, together with 
rhodium, platinum, iridium, osmium, ferrous oxide, chromic oxide, 
alumina, silica, and iridic oxide. Ruthenium is not found in the 
portion of the platinum ore which is soluble in aqua-rcgia. 

Preparation, a. Glaus 1 s original method. (Pogg. 65, 200.) 
1. Fifteen pounds of platinum residue were mixed with nitre, (each pound 
of the former with 2 Ibs. of the latter,) the mixture fused for two hours 
at a strong heat in a hessian crucible, and the fused mass, after cooling, 
pulverized and exhausted with water. The brown-red solution contained 
chromate, osmiate, silicate, iridiate, rutheniate, and titanate of potash, 
(the quantities according to the preceding order,) together with nitrate of 
potash and free alkali. 

2. The greater part of the ruthenium, however, remained in the 



residue which was left after treating- the fused mass with water. This 
residue was mixed in a retort with half its weight of aqua-regia and a 
little water, and the liquid distilled nearly to dryness, whereupon osmic 
acid passed over into the receiver. The contents of the retort were 
exhausted with water, and the solution filtered; the insoluble residue (a) 
weighed 11^ Ibs. 

3. The filtered liquid treated with carbonate of potash yielded a 
precipitate of ferric and ruthenic oxide, from the solution of which In 
hydrochloric acid, zinc threw down a small quantity of ruthenium; but 
the greater part remained in the liquid, together with the oxides of iron 
and zinc. 

4. The brown alkaline solution from which the ferric and ruthenic 
oxides had been precipitated, became nearly colourless when left to 
stand in wooden vessels, and, if afterwards mixed with potash-ley, 
yielded a white precipitate, which turned brown after a while, but became 
white again when dry. Hydrochloric acid extracted from it a metallic 
oxide, which gave a green colour to the liquid, while titaniferous silica, 
together with alumina, remained undissolved. The hydrochloric acid 
solution assumed an orange-yellow colour when boiled with nitric acid, 
and blue when treated with sulphuretted hydrogen. 

5. The alkaline solution (4) was evaporated in an iron vessel, where- 
upon a large quantity of blue oxide of iridiuni separated out. This was 
dissolved in aqu-regia, the iridiuni precipitated from the concentrated 
solution by means of chloride of potassium, the mother-liquor evaporated 
to dryness, and the residue reduced with hydrogen. The metallic powder 
thereby produced contained an alloy of iridiuni and ruthenium, together 
with a small quantity of rhodium. 

6. This metallic powder, together with a port-ion of the black powder 
(2, a) insoluble in aqua-regia, which still contained considerable quantities 
of indium, chrome iron ore, silicates, ruthenium, and rhodium, was then 
mixed with its own weight of nitre, and fused for two hours at a white 
heat the cooled mass exhausted with distilled water and the orange- 
yellow solution, mixed with a very small quantity of nitric acid, which 
threw down a bulky, velvet-black precipitate ot* impure rutheniate of 
potash containing silica. The concentrated hydrochloric acid solution of 
this compound, freed from silica by careful evaporation and re-solution 
in water, deposited, when mixed with chloride of potassium, a precipitate 
of sesquichloride of ruthenium and potassium; and, on heating this 
precipitate in an atmosphere of hydrogen, and dissolving out the chloride 
of potassium by water, the metallic Ruthenium was obtained in the form 
of a dark grey powder. 

5. Clauses more recent method. (Ann. Pharm. 59, 234.) Osmide 
of iridium is pulverized as finely as possible in a cast-iron mortar; the 
particles of iron which are rubbed off the mortar, dissolved out by 
hydrochloric acid; and the remaining metallic powder mixed with common 
salt, and heated to low redness in a current of moist chlorine gas. The 
disintegrated mass is then digested in cold water, and the concentrated 
solution, which is brown-red and almost opaque, mixed with a few 
drops of ammonia, and heated in a porcelain capsule, whereupon it 
deposits a copious black-brown precipitate, consisting of sesquioxide of 
ruthenium and osmic oxide. This precipitate, after washing with a 
sufficient quantity of nitric acid, is heated in a retort, till till the ires 
acid has passed over, and the osmium is expelled in the form of osmic acid. 
The contents of the retort are then taken out and ignited for an hour in a 



, 
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silver crucible with caustic potash free from silica, and the ignited mass 
softened and dissolved by cold distilled water. The solution is left in a 




acid. Velvet-black sesquioxide of ruthenium is then deposited; and this 
when washed, dried, and ignited in an atmosphere of hydrogen, yields 
perfectly pure metallic Ruthenium. This mode of separating ruthenium 
from all the other platinum metals, except osmium, is based upon the 
property possessed by the sesquichloride of ruthenium, of splitting up, 
when heated, into free hydrochloric acid and sesquioxide of ruthenium! 
Osmic oxide mixes with the oxide of ruthenium, because the solution 
contains bichloride of osmium, which is decomposed in a similar manner. 
Not more than a third of the osmide of iridium is decomposed by the 
above-described treatment with chlorine gas; to obtain complete decom- 
position, therefore, the process must be repeated three or four times. 

Properties. Ruthenium obtained by the first of the above processes 
is a dark grey powder; by the second process, it is obtained in small, 
angular, porous lumps, having a whitish grey colour and metallic lustre, 
and bearing a strong resemblance to iridiuni. Very brittle. Specific 
gravity 8'6 at 16. This is much less than the density usually attributed 
to iridium (p. 370)'; it is probable, however, that the two metals do not 
really differ much in density; for a specimen of porous iridium prepared 
from the blue oxide by reduction with hydrogen, had a specific gravity 
of only 9 '3. Ruthenium does not fuse even in the flame of the oxy- 
hydrogen blowpipe. 



Oompoimds of Ruthenium. 
RUTHENIUM AND OXYGEN. 

The affinity of ruthenium for oxygen is greater than that of any of 
the other platinum-metals, except osmium. When heated to redness in 
the air, it oxidizes readily, and is converted into a bluish black oxide, 
which does not part with its oxygen at a white heat. The metal is 
nearly insoluble in acids, even aqua-regia dissolving but a trace. It is 
not dissolved by fused bisulphate of potash. By fusion with nitre, how- 
ever, it is converted into a blackish green mass, which, when treated 
with water, yields an orange-yellow solution of rutheniate of potash; 
and this when mixed with acids, yields a precipitate of black ruthenic 
oxide. Caustic potash, at a red heat, dissolves the metal as easily as 
nitre. 

A. PROTOXIDE OF RUTHENIUM, or RUTHENIOUS OXIDE. RuO. 

Formed by strongly heating a mixture of 1 At. bichloride of ruthe- 
nium, and rather more than 3 At. carbonate of soda in a stream of 
carbonic acid gas, and removing the soluble salts from the product by 
digestion in water. The protoxide then remains in the form of a blackish 
grey, metallic powder. It is anhydrous, and is reduced by hydrogen gas 
at ordinary temperatures. Contains 13*4 per cent, of oxygen. 






Claus. 

52-1 .... 86*69 86-5 

8-0 .... 13-31 13-4 



RuO 60*1 ....100-00 100-0 

The compounds of tliis oxide have not been much examined. The 
hydrate has not yet been obtained; its preparation would probably be as 
difficult as that of hydrated protoxide of iron. The oxide is insoluble 
in acids, and consequently its salts cannot be directly formed. A soluble 
protochloride appears, however, to be obtained by the action of sulphu- 
retted hydrogen and other reducing agents on the sesquichloride (p. 400). 

B. SESQUIOXIDE op RUTHENIUM. RirO 1 . 

Pulverulent ruthenium, strongly heated before a powerful blowpipe, 
turns black, and rapidly absorbs oxygen, 100 parts of the metal increasing 
tollS parts; afterwards the oxidation slowly proceeds further, till the 
oxide acquires a blackish blue colour, and contains 23 or 24 parts of 
oxygen to 100 parts of metal, which is about the proportion required for 
the sesquioxide. 

Clans. 



2Ru ... 


104-2 ,... 


81-16 


81*33 


80*64 


30 


24-0 .... 


18-84 


18-67 


19*30 













Ru 2 O 3 128-2 .... 100*00 100-00 .... 100*00 

This oxide, when ignited for a long time, increases still further in 
weight, but the quantity of oxygen absorbed is never sufficient to form 
the bioxide. 

Combinations. a. With Water. HYDRATED SESQUIOXIDE op RUTHE- | if 

NIUM. 1. Formed by precipitating a solution of the sesquichloride with 
an alkali; the precipitate requires very careful washing, but even then it 
retains 2 or 3 per cent, of alkali. 2. By precipitating rutheuiate of 
potash with nitric acid (p. 401). 3. The aqueous solution of the sesqui- 
chloride is resolved by heat into free hydrochloric acid and the hydrated 
sesquioxide. Black-brown powder, which becomes suddenly iiican- 7 1 % 

descent when heated. Hydrogen gas reduces it imperfectly at ordinary f'f * 

temperatures. It is insoluble in alkalis. 

Ru 2 O 3 128-2 .... 82-60 

3HO 27-0 .... 17*40 



155-2 .... 100-00 

I. With Acids, forming the SALTS OP SESQUIOXIDE OF RUTHENIUM. ^ ,, 

The hydrated sesquioxide dissolves in acids, forming orange-yellow 
solutions. A solution of this oxide in hydrochloric acid exhibits the 
following characters with reagents : Sulphurous acid decolorizes it after 
long-continued action. Hydrosulphuric acid partly precipitates the metal 
in the form of a black sulphide, and at the same time reduces the sesqui- 
chloride to protochloride, the reduction being accompanied by a change 
of colour from orange-yellow to a fine azure blue. This reaction affords 
a very delicate test of the presence of ruthenium in any of its compounds. 
To obtain it, the compound must be fused at a strong heat in a platinum 
spoon with a large excess of nitre, the heat being continued till the 



ignited mass no longer froths, but fuses quietly: it is then left to cool, 
and dissolved in a small quantity of water. The orange-yellow solution 
(containing rutheniate of potash) yields, on the addition of two drops of 
nitric acid, a bulky black precipitate of sesquioxide of ruthenium; and 
on adding hydrochloric acid to the liquid, and heating it in a porcelain 
capsule, the precipitate dissolves, and the solution, when concentrated, 
assumes a fine orange-yellow colour. Lastly, on passing sulphuretted 
hydrogen through this solution till it becomes nearly black, and filtering, 
a filtrate is obtained, exhibiting the splendid blue colour above mentioned! 
Two milligrammes of the metal are sufficient for the production of this 
reaction. Zinc likewise reduces the orange-yellow sesquichloride to the 
blue protochloride. Hydrosulphate of ammonia precipitates the greater 
part of the ruthenium in the form of a black-brown sulphide, which is 
not perceptibly soluble in excess of the reagent. Alkalis, both caustic 
and in the state of carbonate, immediately throw down a black-brown 
precipitate of sesquioxide of ruthenium, soluble in an excess of the 
I \, reagent; a portion of the metal, however, remains in the solution. 

5 Phosphate of soda produces the same reaction. Borax forms no pre- 

cipitate at first, but, on heating the solution, the hydrated sesquioxide is 
precipitated. Chloride of potassium and chloride of ammonium produce 
dark brown, crystalline precipitates, but only in very concentrated solu- 
tions. Formiate of soda does not precipitate the metal, but merely 
decolorizes the solution. Oxalic acid acts in a similar manner. Ferro- 
cyanide of potassium decolorizes the solution at first, but afterwards 
turns it blue. Cyanide of mercury colours the solution blue, and throws 
down a blue precipitate. Nitrate of silver forms a black precipitate, 
winch afterwards turns white, the solution at the same time becoming 
rose-coloured. This reaction is very delicate. The black precipitate is 
a mixture of chloride of silver and sesquioxide of ruthenium; it dissolves 
partially in the course of 24 hours, the oxide of ruthenium dissolving in 
the free nitric acid (probably with loss of oxygen), and forming a 
cherry-red solution, while the chloride of silver remains behind in the 
form of a white residue. On adding excess of ammonia to the liquid, the 
chloride of silver dissolves, and black sesquioxide of ruthenium remains 
behind. (Compare the reaction of nitrate of silver with iridic salts, 
p. 302.) 

C. BIOXIDE OF RUTHENIUM, or RTJTHENIC OXIDE. RuO 2 . 

1. Formed by roasting and igniting the bisulphide. 2. By strongly 
igniting the bisulphate of rutheuic oxide, RuO 2 , 2S0 3 . When prepared 
by (1), it forms a black-blue powder, inclining to green; by (2), small 
grey particles, with metallic lustre and bluish or greenish iridescence. 

!' ? I Clans. 

f ,k Tin 52-1 .... 76-50 76-51 

I' 1 ? 20 16-0 .... 23-50 23-49 

I \ I, RuO 2 .. .....~ C8 7 ! .... 100-00 ZZ 100-00 

I 'I The Hydrate of Ruthenic Oxide is obtained in the form of a gelatinous 

precipitate, when a. solution of bichloride of ruthenium and potassium is 
{ I|;y mixed with carbonate of soda and evaporated. The precipitate, which 

f* 4 |''J retains a considerable quantity of alkali, is yellowish brown while moist; 

but after drying, it has ihe colour of impure rhodic oxide. When 



heated in a platinum spoon, it deflagrates with vivid incandescence, and 
is scattered about. It appears to contain 2 At. water: Ru0 2 -f 2Aq/ 

The Salts of Ruthenic Oxide are obtained in the state of solution by 
digesting the hydrated oxide in acids. The solutions are yellow, but 
become rose-coloured when concentrated by evaporation. 

D. RUTHENIC ACID. RuO 3 . 

Known only in combination with potash; it appears, indeed, to be a 
very instable compound, being easily resolved into oxygen and ruthenia 
oxide. 

RUTHENIUM AND SULPHUR. 

A. SULPHIDES OF RUTHENIUM. Ruthenium probably forms with 
sulphur a number of compounds exactly corresponding to the oxides; but 
the preparation of these sulphides is attended with many difficulties. 
Pulverulent ruthenium and sulphur heated together in an atmosphere of 
carbonic acid, exhibit no sign of chemical combination. The sulphur 
distils off, and the ruthenium gains only 2 or 3 per cent, in weight. 
Moreover, the precipitates formed by passing sulphuretted hydrogen 
through the solutions of the several chlorides of ruthenium, do not 
correspond in composition to the chlorides from which they are produced; 
they always contain too much sulphur, and are in all probability mix- 
tures of the definite sulphides with sulphur. The analysis of these com- 
pounds is very difficult. They are very apt to oxidate in drying, being 
thereby converted into sulphates. When they are heated, to drive off 
water, they explode slightly with incandescence; and when treated with 
fuming nitric acid, they oxidate, with emission of sparks and slight 
explosion. Nitric acid of ordinary strength dissolves them readily; but | 

the precipitate produced on adding a baryta-salt to the solution, always | 

carries clown with it a certain quantity of ruthenic sulphate, which cannot 
be removed by any solvent whatever. 

When the sulphide obtained by precipitation from the sesqui chloride 
is heated in a bulb -tube through which carbonic acid is passed, incan- 
descence and explosion are produced, sulphur and water pass off, and the 
remaining blackish grey, metallic powder, yields, on analysis, results 
corresponding to the formula Ru 2 S 3 . The sulphide which is precipitated 
on passing sulphuretted hydrogen for a short time through a solution of 
the sesquichloride, often contains 3 At. sulphur to 1 At. ruthenium; but 
if the gas be passed through the solution for several hours, a yellowish 
brown sulphide is obtained, having the composition RuS 2 . From the blue 
chloride, sulphide of ammonium throws down a precipitate which appears 
to be composed of Ru 3 S 5 . None of these results, however, can yet be 
looked upon as satisfactorily established. 

B. SULPHATE OF RUTHENIC OXIDE, or RUTHENIC SULPHATE, 
RuO 2 , 2S0 3 . When the sulphide of ruthenium obtained by treating the 
sesquichloride with sulphuretted hydrogen, is digested in nitric acid of 
ordinary strength, an orange-yellow solution is obtained, which, when 
evaporated to dry ness, yields a yellowish brown, amorphous mass, reseni- L "', 

bling mosaic gold, when reduced to powder. It is deliquesent, has a |j | 

sour, astringent taste, and dissolves readily in water. Alkalis added to 



the solution do not form any precipitate at first; but, on evaporation a 
yellowish brown, gelatinous precipitate is obtained, consisting of hydrated 
ruthenic oxide, and presenting a most striking resemblance to impure 
rhodic oxide. In the solution of the salt, sulphuretted hydrogen does not 
produce any blue reaction. 

BUTHENIUM AND CHLORINE. 

Ruthenium, under certain circumstances, forms a series of chlorides 
exhibiting a succession of prismatic colours, viz., green, blue, violet' 
purple-red, cherry-red, and orange-yellow. 

A, PROTOCHLORIDE OP RUTHENIUM. RuCL Ruthenium, at a low 
red heat, is slowly attacked by chlorine, and converted into protochloride. 
On placing the metal in a bulb-tube, igniting it over the flame of an 
argand spirit-lamp, and passing dry chloride gas over it, a yellow fume 
(probably consisting of the highest chloride, which is volatile), is first 
produced and carried forward by the stream of gas, the metal at this stao-e 
not undergoing any alteration of appearance or perceptible increase tf 
bulk; but at a later period, a small portion of sesquichloride sublimes 
and the metal turns black, and in the course of two hours, is converted 
into a black and partly crystalline chloride. Frequently, however, the 
conversion is not complete in the first process, and to saturate the metal 
completely with chlorine, it is necessary to pulverize the product, and 
repeat the process. The product of this second operation always gives, 
on analysis, results corresponding with the above formula. 

Protochloride of ruthenium obtained in the manner just described is 
insoluble in water and in acids ; water, however, extracts from it a trace 
of sesquichloride. A solution of caustic potash likewise acts but slightly 
upon it, even when evaporated to dryness with it. When the residue of 
this last operation is washed with water, and then digested in hydro- 
chloric acid, a small quantity of oxide is dissolved out, and the acid 
assumes the colour of the sesquichloride. 

Aqueous Protockloride of Ruthenium, or Hydrocldorate of Ruthenious 
Oxide. When sulphuretted hydrogen is passed for some time through a 
solution of sesquichloride of ruthenium, a black-brown sulphide is preci- 
pitated, and the liquid acquires the fine azure-blue colour, already men- 
tioned (p. 398). The excess of sulphuretted hydrogen may be expelled 
bypassing a current of air through the liquid; and the blue solution 
which then remains, appears to consist of protochloride of ruthenium, with 
excess of hydrochloric acid. The composition cannot be determined by 
direct analysis, because the compound is very liable to decompose and pass 
to the state of sesquichloride, and therefore cannot be obtained either in 
the solid state, or in the form of a crystalline double salt. The preceding 
supposition as to its constitution, is, however, rendered highly probable 
by the following considerations: 1. Sulphuretted hydrogen exerts a 
reducing action on the chlorides of other platinum metals; 2. The 
sulphide which is precipitated in the formation of the blue chloride 
contains, not 8 At. sulphur to 2 At. metal, but 2 At. sulphur, or even 
more, to 1 At. metal; 3. The sesquichloride is turned blue by other 
reducing agents, such as zinc; 4. When the solution of the sesquichloride 
is evaporated, and the residue heated, it turns green, and exhibits isolated 
blue spots; this method does not, however, yield a pure protochloride, 



because part of the salt is converted into a basic compound. Alkalis 
added to the solution of the blue chloride, throw down a precipitate of 
the sesquioxide, just as solutions of the lower chlorides of indium, when 
similarly treated, yield a precipitate of bioxide of iridium (p. 373). 

B. SESQUICHLORIDE OF RUTHENIUM. Ru 2 CP. Formed by dissolving 
the sesquioxicle of ruthenium (obtained by precipitation from rutheniate 
of potash) in hydrochloric acid, and evaporating to dryness. The residue 
is deliquescent, has a strongly astringent but non-metallic taste, like that 
of tannic acid, and dissolves in water and alcohol, forming beautiful 
orange-coloured solutions, but leaving a yellow basic compound undis- 
solved. When heated, it turns green and blue, as above described. A 
dilute solution of the sesquichloride is resolved by heat into hydrochloric 
acid, and the hydrated sesquioxide (p. 397). The same change is produced 
inja few days at ordinary temperatures, but less completely. 

2Ru ........................ 104-2 .... 49-51 

3C1 ........................ 106*2 .... 50-49 



f 



Ru*Cl 3 210-4 .... 100-00 

C. BICHLORIDE OF RUTHENIUM. RuCP. Not known in the separate 
state, but occurs in combination with chloride of potassium. It exhibits 
a rose-colour, similar to that of the salts of sesquichloride of rhodium. 

RUTHENIUM AND NITROGEN. 

SESQUICHLORIDE OF RUTHENIUM AND AMMONIUM. Formed by mixing 
a strong solution of the black sesquioxide in hydrochloric acid with, 
sal-ammoniac, and concentrating by evaporation, with addition of a small 
quantity of nitric acid. Similar in form and properties to the corre- 
sponding potassium-salt. In the crystallized state, it does not dissolve j $k 
readily in water, but nevertheless crystallizes with difficulty from its ' " 
solutions, and only when they are concentrated. When ignited in an 
atmosphere of hydrogen, it leaves 32*7 per cent, of metal. 

Claus. 

2N 28-0 .... 8-83 

8H 8-0 .... 2-52 

2Ru 104-2 .... 32-85 32'7 

5C1 177-0 .... 55-80 

2Ntra,llu 2 Cl 3 317-2 .... 100-00 

RUTHENIUM AND POTASSIUM. 

A. RUTHENIATE OF POTASH. Basic. Formed by igniting ruthenium 
with a mixture of potash and nitre or chlorate of potash. The product, 
when treated with water, yields a fine orange-yellow solution, Laving a 
strongly astringent taste, like that of tannic acid. This solution is 
neutral, provided the potash and nitre have not been added in excess. 
It colours organic substances black, by coating them with oxide reduced 
from the acid. Acids added to the solution immediately throw down a 
black oxide, which contains potash, if the solution has not been completely 
neutralized by the acid; but if the acid has been added in slight excess, 
the precipitated oxide contains a small quantity of acid. If sulphuric 
acid has been used for the precipitation and added in excess, the metal 
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obtained by reducing the resulting oxide contains a small quantity of 
sulphide of ruthenium, which, is but very slowly decomposed by gentle 
ignition in an atmosphere of hydrogen. The precipitated oxide appears 
to be . the hydrated sesquioxide, for it yields the sesquichloride when 
dissolved in hydrochloric acid. 

B. SULPHITE OF RUTHENIOUS OXIDE AND POTASH. Sulphurous acid 
exerts but little action upon sesquichloride of ruthenium and potassium 
at ordinary temperatures. When its aqueous solution is poured upon the 
pulverized salt, scarcely any thing is dissolved, but the salt becomes cream- 
coloured on the surface. When the solution of the double chloride is 
heated with sulphite of potash, it does not lose its colour, but assumes a 
deeper red tint, and deposits a small quantity of a cream-coloured, 
pulverulent precipitate. On evaporating to dryness, redissolviug and 
again evaporating, a further quantity of the same precipitate is thrown 
down, the liquid all the while retaining a deep orange-colour. 

Claus. 

KO 47-2 .... 27-52 27'54 

Ru 52-1 .... 30-37 29-21 

O 8-0 .... 4-71 5-01 

2SO 2 64-0 .... 37'40 38-24 

KO,SO 2 + RuO,SO 2 ,... 171-3 ....100-00 ~. 100-00 

When the evaporation and re-solution are very often repeated, a 
nearly white precipitate is at length obtained, which probably corresponds 
in composition to the white salts of the other platinum-metals (pp. 321, 
384); but the quantity obtained was too small for analysis. 

C. SESQTJICHLORIDE OF RUTHENIUM AND POTASSIUM. The prepa- 
ration of this compound has already been described (p. 395). It forms 
a crystalline powder, which has a brown colour with a play of violet, and 
when examined by the microscope, appears to be composed of small, 
shining, orange-yellow, transparent cubes, T of a line in diameter. When 
reduced to a finer state of division by trituration, it assumes a yellowish 
brown colour. . Its taste is bitter, but not metallic. It is somewhat 
sparingly -soluble in cold water; more readily in boiling water ; insoluble 
in alcohol of 80 per cent., resembling in this respect the corresponding 
salts of the other platinum-metals. Nevertheless, the salt is but partially 
precipitated by alcohol from a concentrated aqueous solution. Moreover, 
when a solution of this salt, mixed with the chloride of another metal, 
which is soluble in alcohol, is evaporated to dryness, and the residue 
digested with strong alcohol, a quantity of the ruthenium salt is dissolved, 
greater in proportion to that of the other chloride present. This property 
is likewise possessed by those double chlorides of other platinum metals 
which are difficultly soluble in alcohol, e. g., the sesquichloride of rhodium 
and sodium. Crystallized sesquichloride of ruthenium and potassium is 
nearly insoluble in a concentrated solution of sal-ammoniac, which solution 
may therefore be advantageously used to wash it and free it from chloride 
of potassium, the sal-ammoniac itself being afterwards removed by alcohol, 
in which it is very soluble. 

A neutral aqueous solution of this salt decomposes very readily, 
especially when heated, becoming darker, and finally black and opaque, 
and depositing a black bulky precipitate, probably a basic compound, 
while the liquid still remains turbid and dark-coloured. The presence of 
free acid prevents the decomposition. In the decomposed state just 



described, the salt has an uncommonly strong colouring power, in con- 
sequence of the^ extremely minute division of the precipitate, which 
remains floating in the liquid and colours it. A milligramme of the salt 
dissolved in 4 grammes of water forms at first a slightly yellow-coloured 
liquid; but on heating this solution, it becomes as black as ink, and may 
then be diluted with 30 grammes of water, without much diminution of 
intensity. Now the salt contains only 28-9 per cent of ruthenium; 
hence 1 part of that metal is capable of imparting to more than 100,000 
parts of water, a colour almost as deep as that of a pale ink; the colour, 
however, inclines somewhat to brown. Ammonia added to a solution of 
the double chloride ^ throws down a black precipitate, which contains 
chlorine and ammonia, and, when dissolved in hydrochloric acid and 
afterwards evaporated to dryness, yields a dingy green, saline mass. On 
dissolving this mass in water, an opaque, blackish cherry-red liquor is 
obtained, which, when mixed with a small quantity of nitric acid and 
evaporated, assumes a succession of tints, passing through violet, blue, 
purple-red, cherry-red, brown,, and finally becoming orange-yellow. 



Clans. 



2K 


78-4 .. 


.. 21-80 


21-45 


21*71 


21 *59 


2Ru 


104-2 .. 


.. 28-97 


. . 28-96 


28*48 


90. 01 


5C1 , 


177*0 .. 


.. 49'23 


49-59 


. 49-82 


49*53 















2KCl,Ru 2 Cl 3 . 359-6 .... 100-00 100-00 .... 100-01 .... 100-03 

The potassium was estimated as chloride, and the chlorine in combination -with the 
ruthenium estimated by loss. Direct determinations of this portion of chlorine by pre- 
cipitation with nitrate of silver gave results more than 1 per cent, too low, showing that 
the salt contained water. It was from the analysis of this salt that the atomic weight of 
ruthenium was first determined. 

D. BICHLORIDE OF RUTHENIUM AND POTASSIUM. KC1; EuCP. 
-Formed by treating the salt. G with aqua-regia, or with a mixture of 
hydrochloric acid and chlorate of potash. With aqua-regia the conversion 
is very slow and incomplete; and when the mixture of hydrochloric acid 
and chlorate of potash is used, the greater part of the ruthenium is 
converted into a volatile chloride (probably RuCP), which passes off with 
the watery vapour. The salt was once obtained accidentally on preci- 
pitating the oxide of ruthenium from a solution of rutheniate of potash, 
with a quantity of nitric acid larger than necessary. The filtered liquid 
was brown, and when mixed with a little hydrochloric acid and evapo- 
rated, yielded at first a large quantity of nitre ; but on further evaporating 
the rose-coloured mother-liquid, a red salt crystallized out, which, when 
washed, first with sal-ammoniac, and then with alcohol, proved to be the 
compound D in a state of purity. 

The crystals of this salt are so small, that their form cannot be 
distinguished with the naked eye; but when magnified 300 times (in 
linear dimension), they are seen to be perfectly transparent, rose-coloured 
prisms, with acuminated summits, and apparently belonging to the rhoni- 
bohedral system. The salt is easily soluble in water, insoluble in alcohol 
of 70 per cent., and dissolves very sparingly in a concentrated solution 
of sal-ammoniac. Its solution is rose-coloured, with a play of violet, and 
is undistinguishable in appearance from that of the sesquichloride of 
rhodium and sodium. Sulphuretted hydrogen affects it but slightly, the 
liquid, after a while, depositing a small quantity of brown sulphide, but 
without losing its red colo ur, or exhibiting any trace of the blue reaction, | n 

which is produced, under similar circumstances, in solutions of the sesqui- | J 

2 D 2 



chloride. Alkalis added to a solution of the salt produce no immediate 
precipitate, but the liquid, when evaporated, deposits a yellowish 
brown hydrated oxide, which contains a large quantity of alkali, and 
when heated in a platinum spoon exhibits sudden incandescence, attended 
with slight explosion. A concentrated aqueous solution of the salt is 
but partially precipitated by alcohol, the greater part remaining dissolved 
in the liquid, which retains its rose colour. The solution is not reduced to 
the state of a lower chloride by evaporation. 



K 


39-2 .... 


19-85 


Ru 


52-1 .... 


26-37 


3C1 


. . 106-2 .... 


53-78 








KCl.RuCl 2 


197'5 .... 


100-00 



RUTHENIUM AND SODIUM. 

Sesquichloride of Ruthenium and Sodium? This compound was 
not obtained in a definite crystalline form, and therefore could not be 
accurately analysed. It forms a semi-crystalline, deliquescent mass, 
easily soluble in alcohol. When strongly heated, it dried up, but at the 
same time turned partly green and blue, behaving, in fact, like a mere 
mixture of common salt and sesquichloride of ruthenium. 



RUTHENIUM AND BARIUM. 

Sesquicliloride of Ruthenium and Barium ? A solution containing a 
mixture of chloride of barium and sesquichloride of ruthenium, behaves 
like the sodium-salt. Alcohol extracts the chloride of ruthenium from it, 
and leaves the chloride of barium undissolved. 

Ruthenium likewise combines with iridium and osmium, the compound 
existing, in fact, in platinum ore. IF 



CHAPTER XLIV. 

OSMIUM. 



For the Literature) vid. Iridium; also 

Fritzsche & Struve. Osmiamic Acid (Osman-0smiumsaure),t7.p?'. Chem. 
41, 97; abstr. Ann. Pharm. 64, 263; JaJiresler. L & K, 1847 8, 
461 ; also, with observations by Gerhardt; Compt. rend. trav. chim.. 



1847, 304. 



History, vid. Iridium. 

Sources. The same as for iridium, with the exception of (3) p. 369. 

Preparation. Vid. Analysis of Platinum ore (pp. 258, 259, No. 
1826; pp. 262264, No. 2328; pp. 265, 266, No. 2328; p. 266, 
No. 2; pp. 268270, No. 1--5; p. 270, No. 16; p. 271, c). 1. By 
heating sesquichloride of osmium and ammonium (previously mixed with 
at least one-third of its weight of sal-ammoniac, to prevent intumescence) 
in a retort, till the bottom of the retort becomes red-hot, and no more 
sal-ammoniac passes over. (Berzelius, p. 263, No. 28, )3.) 2. By causing 
heated osmic acid to volatilize in a current of hydrogen gas, and pass- 
ing the gaseous mixture through a tube, one part of which, an inch 
in length, is kept at a red heat ; at that part, the osmium is deposited in 
the form of a compact ring. (Berzelius.) 3. Aqueous osmic acid mixed 
with hydrochloric acid, is precipitated by mercury, and the precipitate 
heated in an atmosphere of hydrogen. (Berzelius, p. 263, No. 28.) 
4. Or it is precipitated by zinc. (Vauquelin, p. 259, No. 26.) 

Properties. By (1 ) : Loosely coherent, porous mass, having a blue 
greyish white colour and strong metallic lustre. By (2): Compact mass, 
in thin laminae slightly flexible and elastic ; has the lustre of osmide of 
iridium, and a specific gravity of about lO'O. In the perfectly coherent 
state, however, it would probably be much heavier; vid. Osmide of 
Iridium. By (3) : Black powder, which acquires the metallic lustre when I ' 

pressed, and has a density of about 7'6. (Berzelius.) By (4): Black v 1 1 

powder, which, under the burnishing steel, acquires metallic lustre and '^ | < 

the colour of copper. (Vauquelin.) Does not fuse or volatilize, when ,'i j 

heated to whiteness in a hollow in a piece of charcoal. (Tennant.) 

Compounds of Osmium. 

Most compounds of osmium may be recognized by their property of 
giving off osmic acid, when heated on platinum-foil before tie blowpipe 



with a small quantity of carbonate of soda; the osmic acid may be known 
by its odour, and by the luminosity which it imparts to the flame of 
alcohol. (Berzelius.) 

OSMIUM AND OXYGEN. 
A. PROTOXIDE OF OSMIUM, or OSMIOUS OXIDE. OsO. 

Obtained by gently igniting the hydrate of osmious oxide in a close 
vessel. (Berzelius). 

Os 1 99 .... 92-52 

O 8 .... 7-48 

OsO 107 .... 100-00 ' 

ill . ' (OsO =1244-487 + 100 =1344-487. Berzelius.) 

HYDRATE OP OSMIOUS OXIDE. The aqueous solution of protbchloride 
of osmium and potassium, gradually becomes turbid on being mixed with 
potash, and after a few hours deposits a greenish black hydrate of osmious 
oxide, which, however, contains a quantity of potash .not to be extracted 
by water. The filtrate contains a small quantity of osmious oxide in 
solution, which gives it a greenish yellow colour. The hydrate heated to 
commencing redness in close vessels, gives off its water without" any osmic 
acid; when heated with combustible bodies, it detonates, and yields 
reduced osmium. When immersed in hydrogen gas at ordinary tern* 
peratures, it becomes heated, and yields water and metallic osmium. 
(Berzelius.) 

OSMIOUS SALTS. The hydrate dissolves in acids slowly but completely 
forming blackish green solutions. (Berzelius.) 

B. Sesquioxide of Osmium ? Os 2 3 . 

Not known in the separate state. 

20s 198 .... 89-19 

30 24 .... 10-81 



Os 2 3 222 .... 100-00 

(Os 2 3 = 2 1244-487 + 300 = 2788-973. Berzelius.) 

The solutions of animonio-sesquioxide of osmium in acids are yellowish 
brown, or when nearly saturated, black-brown. On mixing the aqueous 
solution of sesquichloride of osmium and potassium with potash, it 
assumes a fine purple-brown colour; after digestion for some time, it 
deposits the hydrated protoxide, while teroxide of osmium remains dis- 
solved and imparts a rose-colour to the liquid. (Berzelius.) 

Blue Oxide of Osmium. Osmium ignited in a retort containing air, 
|. first yields a white sublimate of osmic acid, and afterwards a blue subli- 

N ? ; \ , mate, which appears green by transmitted light. (Vauquelin.) This blue 

1 sublimate, which is insoluble in water, is likewise obtained on heating 

Elatinum ore In a retort. (Descotils.) Tincture of galls forms a blue 
quid with aqueous osmic acid. (Tennant.) Sulphurous acid forms with 



aqueous osmic" acid, a bin e^ liquid, wliicli may" be regarded as sulphate of 
blue oxide of osmium. This blue oxide is perhaps a mixture of protoxide 
and sesquioxide, or of protoxide and bioxide of osmium. (Berzelius.) 

C. BIOXIDE OF OSMIUM, OK OSMIC OXIDE. OsO 2 . 

Preparation. 1. When bichloride of osmium and potassium is heated 
with dry carbonate of soda in a retort to a temperature somewhat below 
redness, till the evolution of carbonic acid ceases (a small quantity of 
osmic acid, formed by the air in the apparatus, volatilizing at the same 
time), and the residue exhausted with water and hydrochloric acid, pure 
osmic oxide remains behind. 2. The same compound is formed by heating 
the dried hydrate of osmic oxide in an atmosphere of carbonic acid, a 
small quantity of osmic acid being likewise given off after the water has 
escaped. (Berzelius.) 

Black powder. When kept from contact of air, it sustains a red heat 
without decomposition. Hydrogen gas reduces it at ordinary tempera- 
tures. It detonates when heated with combustible bodies. (Berzelius.) 

Os 99 .... 86-09 

2O 16 .... 13-91 



OsO 2 115 .... 100-00 

(OsO 2 = 1244-487 + 200 = 1444*487. Berzelius.) 

HYDRATE OF OSMIC OXIDE. A saturated aqueous solution of bichlo- 
ride of osmium and potassium mixed with a small quantity of carbonate 
of potash or soda, exhibits no change at first, but gradually acquires a 
black turbidity, and deposits black hydrated osmic oxide, which must be 
freed from adhering potash by hydrochloric acid. The filtrate is pale 
yellow. If too much carbonate of potash be added, the greater part of 
the oxide remains dissolved, forming a dark brown solution, from which, 
however, it separates slowly when left at rest, and immediately on boiling, 
the separation in either case being almost complete. (Berzelius.) 

OSMIC SALTS. Osmic oxide and its hydrate are insoluble in acids, 
hydrochloric acid alone colouring them yellow after long digestion. Osmic 
salts obtained by other processes are brownish yellow. -ft 

D. Teroxide of Osmium, or Osmious Acid? OsO 3 . , [ 

This oxide is supposed by Berzelius to exist in the rose-coloured : I 

alkaline liquid (p. 406), which is produced, accompanied by precipitation 
of the protoxide, on digesting an aqueous solution of sesquichloride of 
osmium and potassium mixed with potash. 

jl 

E. OSMIC ACID. OsO 4 . ; \ 

Formation. 1. Osmium does not oxidize in the air either at ordinary 
temperatures or at 100 y ; at higher temperatures, however, oxidation 
takes place. In the finely divided state, as it is obtained by reduction 
with mercury or formic acid, it may be set on fire, and then continues to 
glow; in the more compact state, it ceases to burn as soon as it is taken 
out of the fire. The lower oxides of osmium, when heated in the air, 
are converted into osmic acid ani volatilize. . (Berzelius.) 2. Osmium 



which has been strongly ignited, is insoluble'in nitric acid, aqua-regia 
and other acids; that which has been less strongly ignited is slowly dis- 
solved by moderately strong nitric acid, in the form of osmic acid, which 
passes over when the liquid is distilled; it dissolves more readily in 
aqua-regia, and with yet greater facility in hot concentrated nitric acid. 
Osmic acid is likewise formed when the lower oxides of osmium, or the 
compounds of chloride of osmium with other metallic chlorides, are heated 
with nitric acid; also when vapour of chloride of osmium mixed with 
chlorine gas is passed into milk of lime. (Berzelius.) 3. "When osmium 
is ignited with hydrate of potash in contact with the air, or with addition 
of nitre. 

Preparation. 1. By slowly passing oxygen gas over osmium heated 
to redness in the first of two bulbs blown on a glass tube. The greater 
part of the osmic acid then collects in the second bulb, which must be 
kept cool ; 2 or 3 per cent, is carried further with the oxygen gas, which 
should therefore be passed through ammonia or potash. (Berzelius.) 
2. By Wohler's process (p. 269, No. 3.) 3. By keeping an intimate 
mixture of 3 parts of osmide of indium and 1 part of nitre at a strong 
red heat in an earthen crucible, till the mass becomes pasty, and vapours 
of osmic acid are evolved dissolving the product, when cold, in the 
smallest possible quantity of water mixing the solution in a retort with 
a quantity of sulphuric acid (formed of equal parts of oil of vitriol and 
water) sufficient to neutralize the potash and distilling rapidly, as long 
as osmic a'cid continues to pass over. The osmic acid coats the receiver 
with a white crust, and afterwards fuses in drops at the bottom of the 
watery liquid. (Wollaston, Sclnv. 57, 827; also Pogg. 16, 167.) 

Properties. Sublimes in colourless, transparent, shining needles; 
solidifies, after fusion, in a white, translucent, crystalline mass, which, at 
the temperature of the hand, may be bent like wax. (Vauquelin.) Fuses 
more easily than wax into an oily liquid. (Vauquelin.) Boils and evapo- 
rates without decomposition at a moderate heat. A slight rise of tempe- 
rature causes it to sublime in needles from one part to the other of the 
.vessel in which it is kept. (Wbhler, Pogg. 31, 164.) Does not redden 
litmus when dissolved in water. (Tennant, Vanquelin.) Its taste is acrid 
and burning, like that of oil of cloves. (Vauquelin.) Sweetish. (Tennant.) 
Has an insupportably pungent odour, resembling that of chlorine or iodine. 
(Vauquelin.) Air containing vapour of osmic acid, attacks the lungs 
strongly when inhaled, producing long-continued expectoration, and excites 
a burning pain in the eyes. (Berzelius.) Even extremely small quantities 
of the vapour act violently on the eyes and lungs. (Wohler.) IF As a 
remedy for poisoning by osmic acid, Glaus recommends the immediate 
inhalation of sulphuretted hydrogen. *[T Osmic acid blackens all organic 
substances, even the cuticle, by reduction of osmium, especially when 
they are wet. (Tennant, Vauquelin.) 



Os 

40 



99 .... 75-57 
32 .... 24-43 



OsO 4 131 .... 100-00 

(OsO 4 =1244-487 + 400 = 1644-487. Berzelius.) 

Decompositions. 1. Osmic acid may be sublimed without decom- 
position in hydrogen gas; but if the.*hydrogen mixed with the vapour he 



L 



passed through a tube heated to redness at one point, the reducti6n of the 
osmium takes place at that point, without explosion, and does not extend 
to the colder parts of the mixture. Osmic acid is likewise reduced by an 
alcohol-flame. If therefore a granule of osmium be placed on the edge of 
a piece of platinum foil, and hel<l in the flame of a spirit-lamp, in such a 
manner as to allow part of the flame to rise freely into the air, this part 
becomes brightly luminous, because the osmic acid formed by the 
combustion of the osmium mounts upwards, and is again reduced by the 
flame to metallic osmium, which thus mixes with the flame, as a finely 
divided solid body, and thereby increases the luminosity (II., 29). 
(Berzelius.) 2. .The acid deflagrates on v glowing coals, like nitre. (Tbenard.) 

g < Phosphorus reduces the metal from the aqueous solution. (Tennant, 

Fischer.) 4. The osmium is reduced to the metallic state from the aqueous 
solution of the acid, by nearly all the metals, even by mercury, which 
forms an amalgam, and by silver, which acquires a black coating, but not 
by gold, platinum, rhodium, or iridium. (Tennant.) From the pure 
aqueous solution, metals precipitate but a small quantity of osmium, 
together with an osmiate of the metallic oxide, but from an acidulated 
solution they precipitate the whole. (Berzelius.) Zinc, cadmium, tin, 
and iron, throw down the osmium from the acidulated solution in the form 
of a blue or reddish black powder, which remains for a long while 
suspended in the liquid, and gives it a blue colour; on antimony, bismuth, 
lead, copper, mercury, and silver, on the contrary, the osmium is imme- 
diately deposited as a solid crust, and does not impart any blue colour. 
If the zinc is in contact with platinum, the osmium is deposited in the 
form of a reddish grey film on the glass in the neighbourhood of the 
platinum. Lead effects an incomplete reduction, and finally throws 
down a white powder. Silver immersed in the liquid becomes covered 
with various tints, and ultimately turns black; this effect ta-king place 
even in solutions which are so dilute as scarcely to give off any odour. 
Silver thus tarnished does not lose its coating of osmium till it is heated j| 

in the air nearly to redness. (Fischer, Pogg. 12, 499.) 5. Green vitriol r f 

reduces osmium from the aqueous solution; protochloride of tin has no $ 

action upon it. (Fischer.) 6. The dry acid is decomposed by sulphuretted If 

hydrogen, yielding sulphide of osmium and water; the action takes place : ,f 

even in the cold, and is attended with rise of temperature. (Berzelius.) j! 

7. The aqueous acid treated with a small quantity of sulphurous acid, ^ 

turns yellow (probably from formation of sulphate of osmic oxide); a ^ 

larger quantity turns it brown (probably from sulphate of the sesqui- \ f 

oxide); a still larger quantity, green; and a still further addition gradually f f 

turns it deep blue (sulphate of the blue oxide). (Berzelius.) 8. The I 1 

solution of osmic acid in a large excess of aqueous ammonia blackens \ 

slowly in the cold, but in a few hours when heated, nitrogen gas being 
slowly evolved, arid ammonio-sesquioxide of osmium deposited in the 
form of a transparent, yellowish brown film. (Berzelius.) 9. The colour- 
less solution of osmic acid in alcohol or ether deposits all the osmium in r J 
the metallic state in the course of a few hours. Osmic acid dissolved in ^ 
water is not decomposed by alcohol or ether; but tallow or oil effects the | 
decomposition. (Berzelius.) Tincture of galls colours the aqueous solution I 
purple at first, and afterwards dark blue, by formation of the blue oxide. 
(Tennant.) 

Combinations, a. With Water. AQUEOUS OSMIC ACID. The acid 
dissolves readily in water. (Vauquelin.) It dissolves very slowly, even 



at the temperature at which it melts. (Berzelius.)' Transparent and 
colourless solution, which has the taste and smell of the acid. 

b. With Acids. The mixture of osmic acid with the aqueous solutions 
of the stronger mineral acids is yellowish red, smells of osmic acid, and 
gives it off when distilled. 

c. With Salifiable Bases, forming salts called OSMIATES. Aqueous 
osmic acid does not expel carbonic acid from the alkaline carbonates. 
(Berzelius.) The dry alkaline osmiates are yellowish red; the aqueous 
solutions, yellow; they do not emit any odour of osmic acid, and give off 
that acid but partially when boiled. Even when osmiate of potash or 
soda is heated to redness, a large quantity of osmic acid remains behind. 
According to Fremy (Compt. rend. 18, 1110), the alkaline osmiates yield 
with sulphurous acid, peculiar compounds, in which the properties of the 
sulphurous acid are masked. 
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OSMIUM AND PHOSPHOEUS. 

A. PHOSPHIDE OF OSMIUM. Osmium ignited in phosphorus- vapour, 
takes it up, and becomes incandescent. After strong ignition, the com- 
pound is white and exhibits the metallic lustre; after very slight ignition, 
it is black, and acquires the metallic lustre by pressure. Sometimes takes 
fire spontaneously in the air, burns without flame or odour of osmic acid, 
and is converted into phosphate of osmious oxide. (Berzelius.) 

B. PHOSPHATE OP OSMIOUS OXIDE, or OSMIOUS PHOSPHATE. 
a. Formed by the combustion of phosphide of osmium. Dissolves partially 
in cold nitric acid, forming a green solution; with hot nitric acid it forms 
osmic acid, b. By treating the hydrated protoxide with aqueous phos- 
phoric acid. Dark blue-green, difficultly soluble in water. (Berzelius.) 

OSMIUM AND SULPHUR. 

When osmium and sulphur are heated together in a retort, the osmium 
burns brightly in the sulphur vapour, and forms sulphide of osmium. 
(Berzelius.) Sulphuretted hydrogen precipitates sulphide of osmium from 
the hydrochloric acid solutions of all the oxides of osmium; from the 
rose-coloured solutions, however, (those, namely, which contain the 
teroxide) the precipitation takes place but slowly. All the sulphides of 
osmium thus obtained are dark yellowish brown, and dissolve sparingly 
in water, forming deep yellow solutions; they dissolve readily in nitric 
acid, forming sulphate of the protoxide if the sulphide of osmium is in 
excess, but if an excess of warm nitric acid be used, osmic acid is given 
off, and sulphate of the bioxide is produced. (Berzelius.) 

A. BISULPHIDE OF OSMIUM. OsS 2 . Aqueous bichloride of osmium 
and potassium forms with sulphuretted hydrogen, a dark yellowish brown 
precipitate, which dissolves slightly in water, forming a yellow or reddish 
yellow solution. In aqueous caustic alkalis it does not dissolve more 
freely than in water, and after drying is completely insoluble in them. 
(Berzelius.) 

B. FIVE-HALVES SULPHIDE OF OSMIUM. OsS 2 ,OsS 3 . Formed by 
igniting, the tetrasulphide in vacuo. Contains 39 '4 parts (2^ At.) sulphur 



*h 99 t)ts (1 At.) osmium. By ignition m an atmosphere of hydrogen, it 
*s very slowly reduced to the metallic state. The hydrogen, even after it 
has passed over the ignited substance for two hours, still contains a small 
quantity of hydrosulphuric acid. (Berzelius.) 

C TERSULPHIDE OF OSMIUM. OsS 3 . The rose-coloured solutions of 
terox'ide of osmium are precipitated by sulphuretted hydrogen, only when 
they are first saturated with it, and then set aside for some time in a 
closed vessel at a temperature between 50 and 70. ^ If the solution is 
very dilute, or if it is mixed with any other, it retains its rose-colour even 
when thus treated; and when it is evaporated, the sulphuretted hydrogen 
escapes. (Berzelius.) 

D. TETRASULPHIDE OF OSMIUM. OsS 4 . Aqueous osmic acid is 
immediately coloured black-brown by sulphuretted hydrogen, ,but does 
not yield a precipitate till an acid is added to it, in which case the liquid 
becomes completely decolorized. The brown-black precipitate becomes 
black when dry. When ignited in a distillatory apparatus exhausted of 
air, it gives off sulphur, and then, at a certain temperature, exhibits 
incandescence, decrepitates, acquires a grey colour and metallic lustre, and 
is converted into B, the change not being accompanied with evolution of 
any permanent gas. It is insoluble in caustic alkalis, alkaline carbonates, 
and alkaline hydrosulphates. 

E. SULPHATE OF OSMIOUS OXIDE, or OSMIOUS SULPHATE.- Formed 
by dissolving sulphide of osmium in an insufficient quantity of nitric acid, 
or hydrated osmious oxide in sulphuric acid. Dark brownish-green 
solution, which, when evaporated, leaves a dark greyish brown mass with 
dendritic excrescences. This residue is easily soluble in water and alcohol. 
The aqueous solution is precipitated by carbonate of ammonia, potash, or 
soda, with which, on evaporation, it yields a greenish brown, efflorescent 
residue which remains dry. When carbonate of ammonia is used, the 
residue yields by distillation water and sulphite of ammonia, and leaves 
grey metallic-looking sulphide of osmium. (Berzelius.) 

F. SULPHATE OF BLUE OXIDE OF OSMIUM. When an aqueous solution 
of osmic acid is mixed with excess of sulphurous acid, and the dark bluo 
liquid evaporated, the excess of sulphurous acid escapes, and there remains 
a dark blue, fissured, but rather soft mass, which appears coppor-coloured 
when perfectly dry. The residue, when heated, first gives off water, then 
osmic acid, and lastly, a large quantity of blue sublimate, containing a 
considerable amount of sulphuric acid, and, after being heated to full 
redness, leaves metallic osmium, having a bluish white metallic lustre, and 
the form of the original substance. The ammonia placed in the receiver 
first becomes yellow by absorbing osmic acid, and afterwards purplo 
brown, because a considerable quantity of the blue sublimate likewise passes 
into it; when evaporated, it assumes a dark brown colour, and loaves a 
dark brown saline mass, which appears to contain sulphate of scsquioxide 
of osmium. The washed and dried blue residue, heated in hydrogen 
gas, yields water, sulphuric acid, sulphuretted hydrogen, and finally a 
large quantity of blue sublimate, leaving a residue of osmium combined 
with a small quantity of sulphur. The blue residue, when thoroughly 
dried, is. no longer soluble in water, which, however, becomes blue by 



contact with it, and likewise acid by taking up the excess'of sulphuric 
acid. The undissolved portion, washed with water and then exposed to 
the air in the moist state, again imparts a blue colour to a fresh portion 
of water. Before drying, the blue salt is soluble in caustic alkalis and 
alkaline carbonates; from this solution it is, for the tfaost part, precipitated 
by hydrochloric acid, but the supernatant acid liquid remains brown from 
the presence of sesquichloride of osmium. (Berzelius.) From the blue 
solution mixed with hydrochloric ^ or ^ sulphuric acid, iron does not preci- 
pitate all the osmium, so that the liquid remains of a darker green colour 
than an iron solution, and the precipitated osmium, if washed and dried 
and then heated in an atmosphere of hydrogen, gives off water, a small 
quantity of blue sublimate and hydrosulphuric acid; it therefore retains 
a small quantity of sulphuric acid. (Berzelius.) 

A blue sublimate is likewise formed when osmium containing sulphur 
is heated in oxygen gas; it is less volatile than the osmic acid formed at 

the same time, and nearly insoluble in water; also when osmide of 
indium is fused in a distillatory apparatus with bisulphate of potash 
tiM this blue sublimate, however, contains so much acid that it dissolves in 

water. (Berzelius.) 

G-. SULPHATE OF OSMIC OXIDE, on OSMIC SULPHATE. -Formed by 
dissolving bisulphide of osmium in excess of cold nitric acid, and evapo- 
rating. A small quantity of osmic acid volatilizes at the same time. 

Dark yellowish brown syrup, which dissolves in water, and forms a 
brownish yellow solution. The solution reddens litmus strongly ; its taste 
is neither acid nor metallic, but bitter. It becomes somewhat paler when 
mixed with sulphurous acid, but does not turn blue. It is precipitated by 
alkalis, and forms with chloride of barium a yellow precipitate containing 
osmic oxide. 

[Vauquelin did not succeed in causing osmium to combine with iodine, by heating 
f |l i the two together in a glass tube.] 

OSMIUM AND CHLORINE. 

A. PROTOCHLOBIDE OF OSMIUM. Chlorine gas does not act upon 
cold osmium ; bnt when dry chlorine is passed over the metal heated in a 
long tube, protochloride of osmium is first produced, in the form of a dark 
green sublimate, and afterwards, at a greater distance from the osmium, a 
red sublimate of the bichloride. Protochloride of osmium, if exposed to 
the air, in which case it absorbs moisture, or if prepared with moist 
chlorine gas, forms dark green needles. It dissolves in a very small 
quantity of water, forming a beautiful green liquid, which, ou the addition 
of more water, suddenly becomes opaque and gradually filled with green, 
woolly particles of osmium; a still larger quantity of water decomposes 
it immediately, osmium being precipitated in blue flakes, while hydro- 
chloric acid and osmic acid remain in the liquid. (Berzelius.) 

Os 99-0 .... 73-66 

Cl 35-4 .... 26-34 



OsCl 104-4 .... 100-00 



B. Sesquichloride of Osmium ? Known only in combination with sal- 
ammoniac. Appears to possess a brown or purple-red colour. Thus, 



I, n a saturated aqueous solution of osmic acid is mixed with Jhyclro- 

Mnric and mercury, and the mixture set aside till the odour has disap- 

Tpd and the liquid is evaporated in vacuo over oil of vitriol, there 

us a shining purple varnish which has a metallic taste, blackens the 

T VTV softens when exposed to the air, and dissolves in water and alcohol. 

TlTaoueous solution mixed with alkalis forms at first a clear mixture, 

which on digestion at a gentle heat, deposits black oxide of osmium. 

(Berzelius.) 

C BICHLORIDE OF OSMIUM. When chlorine gas is passed over 
heated osmium, this compound is produced iu the form of a dense cloud 
which condenses to a red powder. If the chlorine gas was moist, or if 
the bichloride of osmium be exposed to the air, it is first converted into 
a transparent yellow film, then into a dark vermillion-coloured mass, 
which does not fuse at the heat of the hand, and, in the further part of 
the tube into yellow lamina and needles united in stellate groups, which 
melt at the heat of the hand, are probably richer in water than the red 
crystals, perhaps also contain a different proportion of chlorine. Bichlo- 
ride of osmium dissolves in a small quantity of water, forming a yellow 
solution, which turns green when mixed with a large quantity of water, 
then becomes quickly opaque, and is decomposed with complete loss of 
colour, like the solution of protochloride of osmium. (Berzelius.) 

D. Terchlor ide of Osmium ? Known only in combination with sal- 
ammoniac. 

E. HYDROCHLORATE OF OSMIC ACID. Formed by mixing aqueous 
osmic acid with hydrochloric acid, or by dissolving osmium in aqua-regia, 
a large quantity of osmic acid, however, volatilizing, even at ordinary 
temperatures. Yellowish red liquid, which smells of osmic acid. A zinc 
plate immersed in it first produces a beautiful blue colour, and afterwards 
precipitates the osmium in black flakes. The dilute solution is coloured 
blue by tincture of galls. ( Vauquelin.) 

OSMIUM AND NITROGEN. 

IF A. OSMIAMIC ACID. Os 3 N0 5 according to Gcrliardt; or Os 2 N0 4 , 
according to Fritzsche & Struve, Formation. By the action of ammonia 
on osmic acid. When caustic ammonia is added to a solution of osmic 
acid in excess of potash, the deep orange colour of tho liquid soon changes 
to light yellow, and a new salt is produced, which separates in the form 
of a yellow crystalline powder, sometimes immediately, sometimes on 
evaporating the liquid at a gentle heat. The presence of potash, or any 
other metallic oxide, is not absolutely necessary to the formation of the 
new acid; but the ammoniacal salt which is formed when ammonia alono 
is added, is very liable to change, and decomposes during evaporation. 
Fritzsche & Struve, who discovered this new compound, assign to it the 
formula OsN,Os0 4 ; regarding it as a compound of nitride of osmium 
OsN (to which they give the name of Osman) with osmic acid ; hence they 
call it Osman-osmic acid (Osman-Osmiumsliure). Gerhard t, on the con- 
trary, regards it as a compound of 2 At. osmium, 1 At. nitrogen, and 
5 At, oxygen, its formation taking place iu the mariner represented by 
the equation, 

20s0 4 + NH 3 = 3HO + Os'-NO*. 



If Fritzsehe and Struve's formula were correct, the formation of the 
.acid would be attended with evolution of 1 At. oxygen; but they par- 
ticularly observe that no escape of gas takes place. On the other 
hand, it must be admitted that the formula Os 2 N0 4 , accords better with 
the analyses made by Fritzsche & Struve, than that which Gerhardt 
assigns to the compound. 

Osmiamic acid is not known in the separate state. 

Calculation, Calculation, 

according to Fritzsche & Stmve. according to Gerhardt. 

' Os 3 198 .... 81-14 Os 2 198 .... 78-57 

N 14 .... 5-74 N 14 .... 5-56 

O 4 32 .... 13-12 O 5 40 .... 15-87 

Os 2 NO 4 244 .... 100-00 Os 2 N0 5 252 .... 100'0(T 

Combinations, a. With Water. AQUEOUS OSMIAMIC ACID. Ob- 
tained by cautiously adding sulphuric acid to a solution of osmiamate of 
baryta, or by decomposing recently prepared and still moist osmiamate of 
silver with dilute hydrochloric acid. The filtered liquid, which is of a 
light yellow colour, may be preserved without alteration for some days, 
provided it be sufficiently dilute; but in the contrary case, it turns brown 
and decomposes, giving off gas and osmic acid, and depositing a blacky 
non-explosive substance containing osmium. The same change takes 
place when a dilute solution of the acid is left to evaporate over .oil of 
vitriol. 

Osmiamic acid is a powerful acid; it not only disengages carbonic 
acid from carbonates, but likewise decomposes chloride of potassium; 
thus, when a drop of aqueous acid is left to evaporate on a glass plate in 
contact with a crystal of chloride of potassium, crystals of osmiamate of 
potash are obtained. Metallic zinc dissolves in the aqueous acid, causing 
a slight evolution of gas ; part of the acid is, at the same time decom- 
posed, and the zinc becomes covered with a closely adhering, black deposit, 
while portions of flocculent matter become diffused through the liquid, 
which at the same time acquires the odour of osmic acid. The 'action 
stops, as soon as all the non-decomposed acid is saturated with zinc. 
Acids at ordinary temperatures exert no decomposing action on aqueous 
osmiamic acid, but on the application of heat, the liquid turns brown, and 
gives off osmic acid. The products of decomposition vary according to 
the nature of the acid, 

b. With Salifiable Bases, forming salts called OSMIAMATES. These 
salts are formed: 1. By the direct action of osmic acid on an ammoniacal 
solution of the bases (in this way the potash, zinc, and silver-salts are 
formed). 2. By precipitating a solution of osmiamate of potash with 
various metallic salts. 3. By decomposing the silver-salt with metallic 
chlorides. They are anhydrous. When heated, they are decomposed, 
with explosion, the products of the decomposition being metallic osmium, 
an osmiate of the base, and an osmic compound containing less oxygen. 
In many of these salts, the same decomposition is produced by percussion. 
Osmiamate of mercurous oxide, however, volatilizes without explosion 
tl 3 . when suddenly heated, and gives off an odour of osmic acid. Most of 

*< 'I" the osmiamates are affected by acids, in a similar manner to aqueous 

""' ^' osmiamic acid. [For the action of hydrochloric acid on osmiamate of potash, see p. 420.] 

f|> ,4 ' Aqueous osmiamic acid and the soluble osmiamates give a dirty yellow, 

non-crystalline precipitate with acetate of lead, light yellow with mercu- 



rous nitrate, and a lemon-yellow, crystalline precipitate with nitrate of 

silver. (Fritzsche & Struve.) *JF \ / 

B. NITRATE OF OSMIOUS OXIDE, or OSMIOUS NITRATE. -The hy- \ 8 
drated prooxide dissolves in cold nitric acid, forming a green solution, ? 
which, if saturated, dries up on evaporation to a green, transparent 

varnish. (Berzelius.) 

C. AMMONIO-SESQUIOXIDE OP OSMIUM. To form this compound, 
osmic acid is dissolved in excess of strong aqueous ammonia, and the 
reddish yellow mixture kept for a while in a stoppered bottle at a tempe- 
rature between 40^ and 60 ,^till it acquires a black-brown colour, and the 
ammonio-sesquioxide of osmium begins to precipitate; the bottle may then 
be opened, as the evolution of osmic acid is at an end, and the nitrogen gas 
would otherwise be unable to escape. The decomposition takes place 
slowly iu the cold, but in two hours if aided by heat. The dark liquid, 
which holds the greater part of the compound in solution, is finally 
evaporated in an open vessel, till all the free ammonia has escaped, and 

the black precipitate is washed upon a filter. Brown-black powder. 

When heated after drying, it decomposes with a hissing noise, nitrogen 
and aqueous vapour being evolved, the osmium reduced to the metallic 
state, and the mass blown out of the vessel. If it has been previously 
boiled with solution of potash, and then washed and dried, that portion 
which is immediately affected by the heat, deflagrates with a report, and 
scatters the adjacent portions in the undecomposed state. It dissolves 
sparingly in acids, forming a brown solution. Formic acid does not 
reduce it. It is insoluble in water. (Berzelius.) 

Even when aqueous sesquichloride cf osmium and ammonium is mixed 
with excess of carbonate of potash, the filtrate evaporated to dryness, 
then saturated with hydrochloric acid, and mixed with potash, a precipi- 
tate is obtained which explodes with violent evolution of gas when heated, 
and therefore still contains ammonia. (Berzelius.) #;? 

D. OSMIATE OF AMMONIA. When ammonia is poured upon osmic f $ 
acid, the two unite, with evolution of heat, and the compound fuses in > \ 
yellow drops, which sink to the bottom and solidify in the form of orange- t J 
yellow, non-crystalline osmiate of ammonia. This compound when *V 
exposed to the air, smells strongly of osmic acid ; it dissolves in water, , | 
forming a reddish yellow solution, and may be separated therefrom with- | J 
out decomposition, provided no free ammonia has been added to it. *J| 
(Berzelius.) f(ff 

' /I 
IT E. OSMIAMATE OP AMMONIA. Prepared by decomposing osmiate * J| 

of silver-oxide with chloride of ammonium. Crystallizes in large crystals, ^' 

which appear to be isomorphous with those of the potash-salt. They / I ! ' 

dissolve readily in water and alcohol, and decompose, with explosion, at [M 

-125. (Fritzsche & Struve.) 11 i 

F. SULPHATE OF SESQUIOXIDE OF OSMIUM AND AMMONIA. Formed ,f| 

by dissolving ammoino-sesquioxide of osmium in dilute sulphuric acid, 
and evaporating. Brown, soluble in water. The excess of sulphuric 
acid may be removed by evaporation and heating, without reducing the 
osmium ; but the residue, when dissolved in water, leaves a small quantity 
of basic salt. (Berzelius.) 



G. PROTOCHLORIDE OF OSMIUM AND AMMONIUM. 1 . When chlorine 
gas which has been passed over heated osmium, and is consequently mixed 
with vapour of bichloride of osmium, is received in aqueous ammonia 
and the excess of ammonia is expelled from the brown liquid by evapora^ 
tion, a yellowish brown solution is obtained, apparently containing this 
salt, and leaving, on evaporation, a brown residue, which, wLen freed by 

careful heating from excess of sal-ammoniac, exhibits a greenish hue. 

2. When bichloride of osmium and potassium is dissolved in aqueous 
ammonia, a dark green powder remains, which likewise appears to consist 
of protochloride of osmium and ammonium. On evaporating the liquid 
filtered from this powder, and heating the residue till the sal-ammoniac 
begins to evaporate, protochloride of osmium and ammonium remains, 
mixed with chloride of potassium. (Berzelius.) 

H. SESQUICHLORIDE OF OSMIUM AND AMMONIUM. Formed by dis- 
solving the ammonio-sesquioxide of osmium in strong hydrochloric acid, 
and evaporating the deep yellowish brown solution to dryness. Brown- 
black, amorphous mass, permanent in the air. When heated in a retort, 
it fuses imperfectly, swells up (which, however, may be prevented by the 
addition of a third of its weight of sal-ammoniac), gives off hydrochloric 
acid, and leaves metallic osmium. It dissolves in water, forming a brown- 
black solution, but if it has been too strongly heated, a basic salt remains 
undissolved in the form of brown flakes. Zinc immersed in the aqueous 
solution precipitates but a small portion of the osmium, even when heated 
with excess of acid, and iron none at all. The compound likewise dis- 
solves in alcohol with the same colour, but not so abundantly as in water. 
(Berzelius.) 

I. TERCHLORIDE OF OSMIUM AND AMMONIUM. This composition 
probably belongs to the salt about to be described. Osmic acid is 
saturated with aqueous ammonia; the solution left to itself for a few 
days, at the ordinary temperature of the air, and protected from sun- 
shine; then supersaturated with hydrochloric acid; a small quantity 
of mercury introduced into the mixture, and frequently shaken up 
with it for a few days, till the osmic acid has disappeared; and the 
brownish purple-red liquid evaporated to dryness after the mercury has 
been poured off. A dark brown residue remains, which is to be dissolved 
in alcohol; a substance is then left behind, which forms a purple-brown 
solution in water, and appears to consist of sesquichloride of osmium and 
ammonium. On the other hand, when the splendid red alcoholic solution is 
abandoned to spontaneous evaporation, terchloride of osmium and ammo- 
nium is left in the form of a brown, confusedly crystalline mass. This 
substance, when distilled, gives off sal-ainmoniac and leaves osmium; it 
forms an intensely dark red solution in a small quantity of water, and a 
purple or rose-coloured solution in a larger quantity, like permanganate 
of potash. Fixed . alkalis, in the cold, do not alter the colour of the 
solution; on digestion, however, a lower degree of oxidation is pro- 
duced by the action of the ammonia which is set free. (Berzelius.) 

K. NITRATE OF SESQUIOXIDE OF OSMIUM AND AMMONIA. 
Formed by dissolving the ammonio-sesquioxide in nitric acid. The 
solution saturated while hot, deposits the compound in the form of a 
dark brown powder. The acid solution yields, on evaporation, a brown 
extractive matter, which at 40 dries up to the same brown earthy sub- 



stance. This body, whon heated in a retort, burns like wet gunpowder' 
and scatters the osmium about in the form of a black, non-metallic 
powder. Dissolves sparingly in cold water, much more freely in hot 
water. (Berzelius.) 

When osmiate of potash is distilled with hydrochloric acid, osmic 
acid is evolved, and there remains a chloride of osmium, from which sal- 
ammoniac precipitates a minium-coloured salt, very slightly soluble in 
water, and leaving pure osmium when ignited. (Fremy.) 

tit is not yet ascertained which of the chlorides of osmium is contained 
is i 



i salt.] 



OSMIUM AND POTASSIUM. 



A. PROTOXIDE OP OSMIUM WITH POTASH. When protochloride of 
osmium and potassium is decomposed with excess of potash, a small 
quantity of the protoxide remains in the solution, imparting to it a dirty 
greenish yellow colour. (Berzelius.) 

B. SESQUIOXIDE OF OSMIUM WITH POTASH. Ammonio-sesquioxide 
of osmium dissolves in aqueous caustic potash and carbonate of potash. 
(Berzelius.) 

C. TEROXIDE OF OSMIUM WITH POTASH. Agueo us. Forms a rose- 
coloured liquid (p. 407 D.). Berzelius. 

This composition probably belongs also to the following red salt, which 
Fremy calls smite of Potash. Aqueous osmiate of potash mixed with a 
small quantity of alcohol becomes hot, assumes a red colour, and deposits 
the salt in the form of a red powder, the osmium indeed being often 
completely precipitated in this form. The powder is washed with 
alcohol, which does not dissolve any of it. It crystallizes in beautiful 
red octohedrons. The weaker acids added to the solution, cause the acid 
of the red salt to split up into osmic acid and the black oxide. The salt, 
if immersed in cold aqueous sal-ammoniac, dissolves at first, but after- 
wards decomposes, depositing a yellow salt, which is scarcely soluble in 
water, and when ignited in a current of hydrogen gas, leaves pure 
osmium. (Fremy, Compt. rend, 18, 144.) 

D. OSMIATE OF POTASH. 1. Formed by mixing osmic acid with 
iqueous solution of potash, or by saturating hydrate of potash with the 
vapour of the acid. (Berzelius.) 2. By igniting osmium with hydrate of 
potash or with nitre; part of the osmic acid, however, is lost by evapo- 
ration. (Tennant.) The solid compound is dark red. (Berzelius.) The 
iqueous solution is yellow, and smells slightly of osmic acid. (Tennant); 
iccording to Berzelins, on ths contrary, it does not smell at all. 

IT SULPHITE OF OSMIOUS OXIDE AND POTASH. Chlorosmiate of 
potassium is not affected by sulphurous acid at ordinary temperatures; but 
vhen a perfectly saturated aqueous solution of sulphurous acid is poured 
ipon the finely pulverized salt, a quantity dissolves, less than that which 
fvould be taken up by distilled water. The solution, when heated, 
mdergoes partial decomposition, becoming dark green, in consequence of 
he separation of black osmic oxide; and if the hot liquid be then filtered, 
maltered chlorosmiate of potassium crystallizes out after cooling. But 
vhen a solution of the same salt is heated with sulphite of potash, it 
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acquires first a dark and afterwards a light rose-colour, and at length 
becomes quite colourless; at the same time, the sulphite of osmious oxide 
and potash separates out in the form of a white, pulverulent precipitate 
which must be collected and well washed. ' 

Light powder, of the texture of magnesia, white, with a tinge of rose- 
colour, and consisting of small, soft, scaly crystals. It dissolves sparingly 
in water, and has a scarcely perceptible taste. In other respects it 
resembles the iridium salt, (p. 384) excepting that it decomposes at ISO 
assuming a dingy violet colour, whereas the iridium-salt hears a strong 
heat without decomposition. (Glaus, Ann. Pharm. 63, 355.) 
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3(KO,SO 2 ) + OsO,2S0 2 .... 408'6 .... 100*00 +5Aq. 453 : 6 ....lOO'OO 
(Glaus, Ann. Pharm. 63, 355.) IT 

E. PROTOCHLORIDE OF OSMIUM AND POTASSIUM. a. Formed by 
dissolving protochloride of osmium, together with chloride of potassium, 
in the smallest possible quantity of water, evaporating, exhausting the 
residue with a small quantity of water, which leaves behind the greater 
part of the free chloride of potassium, and again evaporating. Lighfc 
brown prisms. Alcohol reduces a large quantity of the osmium which 
they contain. Hence, on attempting to remove the excess of chloride of 
potassium from the salt by alcohol, the whole of the osmium is reduced 
in the course of an hour: the portion of the brown crystals not dissolved 
by the alcohol, forms with water a brown solution, which blackens the 
skin, and after a while deposits metallic osmium, [reduced by the alcohol 
still present 1 ?]. b. By mixing the aqueous solution of bichloride of 
osmium and potassium with alcohol; filtering from the precipitated salt; 
distilling the yellow filtrate or exposing it to sunshine, whereupon a 
small quantity of an ethereal compound is evolved, and a considerable 
quantity of osmium precipitated; and abandoning the liquid filtered 
therefrom to spontaneous evaporation. The salt collects on the sides of 
the vessel in the form of efiloresced, dark green, indistinct crystals, much 
more soluble in water than in alcohol, and forming a green solution. 
(Berzelius.) 

P. Sesqiiichloride of Osmium and Potassium ? Doubtful. On mixing 
a saturated aqueous solution of osmic acid with potash, then with hydro- 
chloric acid, allowing mercury to act upon it till the odour is entirely 
destroyed, and evaporating the filtrate, a brown double salt is obtained, 
mixed with free chloride of potassium, and slightly soluble in alcohol. 
This is perhaps the salt P. (Berzelius.) 

Gr. BICHLORIDE OP OSMIUM AND POTASSIUM. CUorosmiate of 
Potassium. Formed by heating an intimate mixture of equal parts of 
pulverized osmium and chloride of potassium to commencing redness, in 
a current of chlorine gas. The chlorine is slowly absorbed; to avoid 
loss of osmium, the unabsorbecl portion of the gas is received in ammonia, 
From the resulting powder, which is black while hot, and of the colour of 



minium after cooling, the excess of chloride of potassium is dissolved 
out by a small quantity of cold water, the residue dissolved in Lot water 
and the solution left to spontaneous evaporation. 3 

Dark brown, shining, regular octohedrons, yielding a Ycnnillion- 
coloured powder. The salt withstands gentle ignition, gives off chlorine 
gas together with a small quantity of sublimed protochloride of osmium, 
and leaves chloride of potassium, mixed with white, xnetallic-lookin^ 
osmium. When distilled with nitric acid, it yields osmic acid, and leaves 
nitre, together with chloride of pojpsium. Dissolves in cold water with 
a lemon-yellow colour, and more abundantly in hot water, with a deep 
yellow colour, inclining to green. Paper moistened with the aqueous 
solution, and exposed to sunshine, acquires a blue colour, which cannot 
be removed by washing. The aqueous solution is not affected by sul- 
phurous acid, even at a boiling heat ; alcohol precipitates the dissolved 
substance in the form of a vermillion-coloured, crystalline, powder, the 
liquid retaining its yellow colour. (Berzelius.) 

The compounds of osmium have, as shown by Berzelius, a disposition 
to unite with those of indium. Hence, when native osmide of iridium 
mixed with chloride of potassium is heated to redness in chlorine gas, a 
mixture of chlorosmiate and chloriridiate of potassium is obtained, in 
brown-black octohedrons. The analysis of this salt is given in the 
following table; its formula is 2(KCl,IrCP) + KCl,OsCl 2 . This salt, 
mixed with an equal weight of carbonate of soda, and ignited, gives off 
the greater part of the osmium in the form of osmic acid, and leaves 
sesquioxide of iridium, still containing a little osmic oxide, which may 
be removed by digesting in aqua-regia, then reducing the iridium, and 
heating it to redness in the air. (Hermann, Pogg. 37, 407.) 
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1T BISULPHITE OP OSMIOUS OXIDE WITH CHLORIDE op POTASSIUM. 
3KCl-fOsO,2S0 2 . Formed by treating the salt E with hydrochloric 
acid. Brown-red, crystalline salt, very soluble, and having a sharp 
taste. Anhydrous. (Glaus, Ann. Pharm. 67, 375.) 
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IT H. OSMIAMATE OP POTASH. Prepared in the manner already 
described (p. 413), or better, by dissolving solid osmic acid in a strong 
(solution of potash mixed with ammonia ? and agitating the mixture. 

2E2 



I 



The liquid then assumes a light yellow colour, and finally deposits 
the salt in the form of a yellow granular powder. ^ The salt may like- 
wise be produced by passing the vapours of the distilled osmic liquors 
(obtained in the treatment of platinum ore) into ammoniacal potash-ley 
properly cooled : care must, however, be taken to avoid the simultaneous 
distillation of nitrous vapours, which would exert a decomposing action 
on the osmiamate. Carbonate of potash may be substituted for caustic 
potash; but it is less advantageous. To obtain the salt in definite 
crystals, the powder first obtained must be dissolved in the smallest pos- 
sible quantity of boiling water, and the solution left to cool; the salt is 
then deposited in small, lemon-yellow crystals. Larger crystals may be 
obtained by forming a saturated solution in the cold, and leaving it to 
spontaneous evaporation; they then take the form of acute, square-based 
octohedrons. The crystals are anhydrous. The salt is much less soluble 
in alcohol than in water; it dissolves, however, in the former without 
alteration, and suffers but slight decomposition during the evaporation 
of the solution. It is insoluble in ether. (Fritzsche & Struve,) 



Calculation, Fritzsche 

according to Fritzsche & Struve. & Struve. \ 

KO 47-2 .... 16-14 .... 16-13 

2Os 198-0 .... 68-10 .... 67-90 

N 14-0 .... 4-80 .... 4-82 

40 32-0 .... 10'96 .... 11-15 



Calculation, 
according to Gerhardt. 

KO 47-2 .... 15-77 

20s 198-0 .... 66-17 

N 14-0 .... 4-68 

5O 40-0 .... 13-38 



KO,Os 2 N0 4 .... 291-2 .... 100-00 



100-00 



KO,Os-N0 5 .... 299-2 ....100-00 



When this salt is moistened with strong hydrochloric acid, a strong 
action is immediately set up, accompanied by a disengagement of 
chlorine, or perhaps of an oxide of chlorine; the acid acquires a fine 
purple-red colour; and the crystals of the salt become covered with a 
crust consisting of two kinds of crystals, into which the original crystals 
are in the end completely converted. Hydrochloric acid added to a cold 
saturated solution of osmiamate of potash, does not decompose it at 
ordinary temperatures; but, on the application of heat, the liquid 
acquires a transient red colour, then turns brown, and gives off osmic 
acid. If the boiling be continued till this last effect ceases, and the 
liquid evaporated to the crystallizing point, three salts are deposited, 
viz., a green salt in the forni of hexagonal tables, another green salt in 
needles, and a red salt, all of which appear to decompose as they 
dissolve in water; they have not been further investigated. (Fritzsche & 
Struve.) 

OSMIUM AND SODIUM. 

OSMIAMATE OF SODA. More soluble than the potash-salt, and there- 
fore best prepared by decomposing the silver-salt with chloride of sodium. 
The solution, when evaporated, yields syrupy crystals at first, but after- 
wards prismatic crystals are formed. (Fritzsche & Struve.) 



OSMIUM AND BARIUM. 

OSMIAMATE OP BARYTA. Prepared by decomposing the silver-salt 
with chloride of barium. Crystallizes readily in yellow shining needles; 
tolerably soluble in water; detonates at 150. (FriUsche Struve.) 



Calculation, Fritzsche Calculation, 

according to Fritzsche & Starve. & Struve. according to Gerhard! 

BaO ................ 76-7 .... 23'79 .... 23'SS BaO ................ 7G*7... 23-33 

20s ................ 198-0 .... 61-89 .... 61-07 2Os ............... 198-0 GO-*4 

N .................... 14-0 .... 4-3G .... 4-27 N .................... H'O .. . 4-25 

40 .................... 32-0 .... 9-96 .... 1Q-78 Q> .............. . ..... 40'0 .... 12-18 

BaO,Os-NCM..., 3207 .... 100-00 .... 100-00 BaO,Os-KOl... 328-J ...TlOoTw 



OSMIUM AND CALCIUM. 

OSMIATE OP LIME. Aqueous osmio acid forms with lime, a light 
yellow liquid, which yields a dark red precipitate with Infusion of galls. 
(Tennant.) A small quantity of formic acid added to the solution, 
throws down blue metallic osmium. (Fr. Weiss & Doberciner, Ann. 
Pliarm. 14, 17.) Vapours of osmic acid passed into excess of lime- water 
produce yellow flakes (p. 259, No. 26). (Vauquelin.) 



IT OSMIUM AND ZINC. 

OSMIAMATE OF ZINC-OXIDE. Easily soluble; not obtained in the 
solid state. (Fritzsche & Struye.) 

B. AMMONIO-OSMIAMATE OF ZINC-OXIDE. 1. Formed by adding a 
zinc-salt to a solution of osmic acid in ammonia. 2. By mixing the 
potash-salt with ammonia, and then adding a zinc-salt. Light yellow, 
crystalline powder, which may be dried in the air without loss; is inso- 
luble in ammonia; is decomposed by water, even in the cold, and 
completely on boiling, the whole of the zinc-oxide separating out, and 
osmiamate of ammonia remaining in solution. (Fritzsche & Struve.) 

Calculation, Fritzsche Calculation, 

according to Fritzsche & Struve. & Struve. according to Gerhardt. 

2NH 3 ........................ 34-0.... 10-69.... 10-33 2NH 3 ........................ 34-0.... 10-41 

ZnO ........................... 40-2.... 12*63.... 12-28 ZnO ............................ 40*2.... 12-33 

Os 2 N0 4 .................... 244-0.... 76-68 Os-NO 5 .................... 252*0.... 77'26 

2NH 3 ,ZNO,Os 2 NO i 318-2... .100-00 2NH 3 ,ZnO,Os-K0 5 ....326-2... 100-00 

[Gerhardt's formula for this salt agrees more closely with the analytical results 
than that of Fritzsche & Struve.] ^ 

OSMIIDI AND TlX. 

Osmiate of Tin ? Osmiate of lime forms a brown precipitate with 
protochloride of tin. (Tennant.) 

OSMIUM AND LEAD. 

A. OSMIATE OP LEAD-OXIDE. Osmiate of lime yields a yellowish 
brown precipitate with lead-salts. (Tennant.) 

IF B. OSMIAMATE OF LEAD-OXIDE. Nitrate of lead-oxide forms no 
immediate precipitate with osmiamate of potash, but after some time 



crystals are formed, which decompose with facility. A solution of 
acetate of lead- oxide forms with solutions of the osmiamates, a non- 
crystalline precipitate, which at first exhibits a dirty yellow colour, but 
soon acquires a purple tint, and gives off osmic acid. (Fritzsche & Striive.) 

C. CHLOROSMIAMATE OP LEAD. PbCl,PbO,Os 3 N0 4 ? When a 
solution of chloride of lead, or of the nitrate mixed with hydrochloric 
acid is added to a solution of osmiamate of potash, a yellow crystalline 
precipitate is gradually formed, which appears to have the composition 
just given. (Fritzsche & Struve.) IF 

OSMIUM AND COPPER. 

OSMIDE OF COPPER. Very malleable; easily soluble in aqua-regia; 
the solution gives off osmic acid when distilled. (Tennant.) 

OSMIUM AND MERCURY. 

A. OSMIUM-AMALGAM. Aqueous osmic acid decomposed by mercury, 
yields a soft amalgam, which becomes more compact when the excess of 
mercury is removed by pressure. On distilling this amalgam, metallic 
osmium remains in the form of powder. (Tennant.) 

B. OSMIATE OF MERCURY. Osmiate of lime forms a white preci- 
pitate in solutions of mercury. (Tennant.) 

C. PROTOCHLORIDE OF OSMIUM AND MERCURY. When osmic acid, 
dissolved in aqueous hydrochloric acid, is left in contact with mercury, 
reduction is set up, but ceases after awhile; and the brownish liquid 
deposits, on evaporation, a transparent, shining, purple-red, amorphous 
salt, having a metallic taste. Iron or zinc immersed in its aqueous 
solution, precipitates nothing but mercury, while protochloride of osmium, 
and iron, or protochloride of osmium and zinc, remains in solution, 
.(Berzelius.) 

IT D. OSMIAMATE OF MERCUROUS OXIDE. Light yellow precipitate; 
amorphous, and insoluble in water; does not explode when heated. 
(Fritzsche & Struve.) 

E. OSMIAMATE OF MERCURIC OXIDE. Prismatic crystals, which 
decompose very quickly. (Fritzsche & Struve.) 

OSMIUM AND SILVER. 

u OSMIAMATE OF SILVER-OXIDE. 1. Formed by dissolving osmic acid 
in an ammoniacal solution of a silver-salt, and then supersaturating with 
nitric acid. 2. By adding a silver-salt to an ammoniacal solution of 
osmic acid, previously mixed with excess of nitric acid. 3. By adding a 
silver-salt to a soluble osmiamate. Lemon-yellow, crystalline powder, 
very slightly soluble in water and in cold nitric acid; more soluble in 

"V i * ammonia, with which also it is capable of combining. When protected 

"i I 



from light, it may be dried in vacuo, over sulphuric acid, without black- 
ening; ultimately, however, it decomposes., and gives off osmic acid. 
At 80, it decomposes suddenly, and with violent detonation ; percussion 
causes it to undergo a similar decomposition. A violent detonation is 
likewise observed when sulphuretted hydrogen is passed over the dried 
salt. Hot nitric acid readily decomposes the salt; the liquid first 
acquires a brown colour, then gradually becomes colourless, and o-ives 
off osmic acid. (Fritzsche & Struve.) 



Calculation, Fritzsche 

according to Fritzsche & Struve. " & Struve. 

AgO 110 .... 32-15 32-09 

2Os 198 .... 55-10 55-01 

N 14 .... 3-88 

40 32 .... 8-87 



Calculation, 
according to Gerhardt. 

AgO 116 .... 31-52 

2Os 198 .... 53-82 

N 14 .... 3*81 

5O 40 .... 10*85 



360 



100-00 



AgO,Os 2 N0 5 .... 368 .... 100*00 f 



OSMIUM AND GOLD. 

OSMIDE OP GOLD. Very malleable alloy, which behaves with aqua- 
regia, just like osmide of copper. (Tennant.) 



OSMIUM AND IRIDIUM. 

A. OSMIDE OP IRIDIUM. Found native (p. 254). According to 
Berzelius, it consists partly of IrOs, partly of IrOs 3 , partly of IrOs 4 . 
But whatever may be its proportional composition, specific gravity, and 
behaviour in the alcohol flame, the crystalline form remains the same; 
namely, that of Fig. 135 and 137. The prisms are very much shortened: 
r:p=:llS ' } r : s=152. Cleavage parallel to p. According to this, 
iridium and osmium must be isomorphous. (G. Rose, Pogg. 29, 452; 54, 
537.) This form has been previously described by Bournon. 

Osmide of iridium is extremely hard and brittle, has a specific gravity 
of 16*4 >16*21, the colour of platinum, and generally a strong lustre. 
When heated in the air, it gives off osmic acid, with greater facility in 
proportion as it is richer in osmium, and becomes dull. "When ignited 
for some time with nitre, or with hydrate of potash and nitre, it gives off 
part of its osmic acid, and forms osmiate of potash and the compound of 
sesquioxide of iridium with potash. According to Fischer (Pogg. IS, 
258), it is decomposed much more easily by nitrate of lime, the decom- 
position taking place, indeed, even at a low red heat. Aqua-regia has 
scarcely any action upon osmide of iridium. To expel the osmium from 
a specimen of osmide of iridium, and determine the amount of indium, 
the mineral is ignited in a crucible, and a drop of oil of turpentine let 
fall on it from time to time by means of a platinum wire with a loop at 
the end, the crucible being covered after each addition of the turpentine. 
and then opened again from time to time. The oil reduces the oxidized 
metals with evolution of light and heat; and on opening the crucible, the 
charcoal burns and oxidizes together with the osmium, which, by fre- 
quent repetition of the process, may be completely expelled. This 
process, however, is applicable only to IrOs 4 and IrOs 3 , not to IrOs. 
(Berzelius,) 

IF Fritzsche and Struve decompose osmide of iridium by adding 
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3 parts of the mineral in its natural state (not pulverized,) to a mixture 
of 1 pt. hydrate of potash and 1 pt. chlorate of potash, fused in a capa- 
cious iron crucible over a spirit-lamp. The action commences as soon as 
the chlorate of potash begins to give off its oxygen, the mixture acquiring 
a yellowish brown colour, and frothing up so violently that it is necessary 
to reduce the heat. The fused mass then becomes very viscid, giving off 
large bubbles of oxygen, and the osmide of iridium, which at first remains 
at the bottom, is then diffused throughout the whole mass, whereby the 
action is greatly facilitated. When this stage of the operation is attained, 
the action goes on without any further application of heat from without, 
and after a while, the mixture becomes nearly black and solid. Up to this 
point no fumes of osmic acid are evolved, but as the mass solidifies, that 
ocmpound is given off in small quantity, especially if the application of 
heat be continued. On treating the cooled mass with water/an orange- 
yellow solution is formed, containing osmium and ruthenium, and a 
bluish black precipitate containing iridium, easily separated from the 
tmdecomposed osmide of iridium. This is the most convenient of all 
methods of decomposing osmide of iridium, because it is almost entirely 
free from the annoyance and danger attending the evolution of osmic 
acid. The only inconvenience attending is, that the crucibles are always 
attacked ; platinum crucibles are attacked by the caustic potash ; if a 
silver vessel be used, chloride of silver is formed, and mixes with the 
product ; gold crucibles would be the best, if they were not too costly. 
On the whole, the process is best performed in iron crucibles, but the 
product is then always more or less contaminated with oxide of iron. 
(/. pr. Ckem. 37, 483 ; H. Hose's Analyt. Chem. II. 241). IT 
The crystals examined by G. Hose were as follows: 
a. From Newiansk. Of specific gravity 19*386, and the hardness of 
quartz; tin-white; does not alter or emit any odour of osmium when 
heated upon charcoal before the blowpipe; when fused with nitre, it 
smells faintly of osmium; docs not dissolve in fused microcosmic salt or 
in aqua-regia. 

I. From Nischne Tagil. Of specific gravity 21*118, and of the 
hardness of quartz; lead-grey; when heated upon charcoal before the 
blowpipe, it loses its lustre, blackens slightly, and diffuses a penetrating 
odour of osmium; when held by a pair of platinum forceps in au alcohol 
flame, it renders the flame luminous, and colours it yellowish reel. 

Bcrzelius (Poyy. 32, 232) distinguishes the following varieties of osmide 
of iridium: 

a. Brazilian. Small, irregular grains, which look as if they were 
corroded, and are sometimes flat, smooth, white, and shining, with a 
specific gravity of IG'445 (or 19*5, according to Wollaston). 

1}. Siberian. Often constitutes the principal part of platinum- ore, 
especially of that from Katharinenburg, Slatoust, and Kischtin. a. Re- 
sembles the Brazilian; sp. gr. from 18*645 to 19'25. /3. The most 
common variety. Its composition is about IrOs. Flat, smooth, shining 
laminae, which scratch glass, and make an impression upon a steel plate, 
when broken upon it; sp. gr. 19 '25. When ignited in a platinum spoon, 
they produce only a momentary luminosity in the alcohol flame (p. 409). 
7. Crystallized; partly IrOs 3 , partly IrOs 4 , intermixed in separate 
granules. When heated to redness in a platinum spoon, it gives off a 
very large quantity of osmic acid, acquiring, in consequence, a burnt 
aspect and a darker colour. These grains, consisting of IrOs 4 , decom- 
pose, when heated in the air, much more quickly than those which consist 



of IrOs 3 , although they previously exhibit no difference in aspect or in 
colour. Since, according to Gustav. Rose, the crystals which are richer 
in osmium have the specific gravity 21-118, and consequently the osmide 
of indium is specifically heavier in proportion as it contains more 
osmium, it would appear that osmium in the compact state is denser than 
indium. So far Berzelius. 



Berzelius. Thomson. 
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Many varieties of osmide of iridium contain small quantities of sold 
(Wohler.) , 

According to Tennant, osmide of iridium may be fused with bismuth, 
zinc, tin, lead, copper, silver, and gold. No definite compound is thereby 
produced, but the grains of osmide of iridium are merely enveloped by 
the other metal, and remain unaltered, when that metal is dissolved 
in acids. (Berzelius.) Wohler (Ann. Pharm. 39, 336) found osmide J 

of iridium in gold which had been worked. According to Faraday f 

and Stodart (Ann. Chim. Phys. 21, 73), 1 part of osmide of iridium >' "3 

forms with 33*3 parts of iron, a bluish mixture, which, though it contains || 

no carbon, may be hardened to a certain extent like steel, and rusts much p 

less quickly than that substance. Osmide of iridium appears capable of if 

uniting by fusion with steel in all proportions. \ 

B. COMPOUND OF THE SESQJJIOXIDES OF IRON AND CHROMIUM WITH ^ 

THE PROTOXIDES OF IRIDIUM AND OSMIUM. Lite. Found in the na- .' 

tive platinum of the Ural, often filling up the interstices between the 
separate grains in large masses of platina. Remains behind, when 
platina of this description is digested in aqua-regia, mixed with titani- 
ferous iron, chrome-iron ore, and hyacinths, and, in consequence of its (' 

greater levity, may be separated from these minerals by levigation. Soft, 
strongly lustrous, black, graphitic scales, having a density of Q'05Q, and 
attracted by the magnet. Completely decomposed when mixed with * / 

chloride of potassium and ignited in a current of chlorine gas, whereby a { 

dark brown powder is obtained, perfectly soluble in water, and fomiing 
a red solution. This solution, when diluted, deposits reddish-black ocio- I 

hedrons of chlorosmiate of potassium and sesquichloride of chromium. ,4 

By fusion with nitre, it is oxidized with evolution of osmlc acid. It does 
not dissolve in any acid. (Hermann, /. pr. C/tem. 23, 276.) 

Hermann. 



lOIrO 


Approximate Calculation 
1070 .... GO-66 




60-60 


IrW... 


b. 

62-S6 


20sO 


214 .... 12-13 




10-30 




10-30 


3Fe-0 3 


240 .... 13-GO 




13-89 


FeO .... 


12-50 


3Cr-O 3 . , 


2-10 .... 13-G1 




13-70 




13-70 


Mn-0 3 






trace 




trac-c 



1761 .... 100-00 93-49 99-36 



it 



m 

Ml 



? i/ 

i r . 

M 



5 is Hermann's analysis as given by himself; in a, the sesquioxide 
of iridiuin assumed to exist in the mineral by Hermann, is reckoned as 
protoxide, and his protoxide of iron as sesquioxide, to make the analysis 
accord with the preceding formula. According to this, the formula 
should be 2(IrO; OsO), (Fe 2 3 ; Cr 2 3 ), or more exactly: 2lrO,Fe 2 3 + 
2(fIrO,-|OsO) CrO 3 . This supposed constitution, however, is irrecon- 
cilable with the magnetism of the irite, unless that property be due to 
the admixed chrome-iron ore. The formula given by Hermann is- 
OsO, 3lr 2 3 + 4FeO, 3Cr 2 3 ; that of Berzelius (Jahr&tler. 22,19]) is- 
FeO, 3lr s 3 +FeO, Os0 2 + 3(FeO, Cr 2 3 ). 



ADDENDA. 



To page 86. Action of Acids and Acid Salts on Infusible White 
Precipitate. 1. When this compound is boiled with water mixed with 
a sufficient quantity of acid to dissolve it, the solution yields on evapo- 
ration white laminar crystals, having the composition, 

2(HgO,S0 3 ) + NH 4 C1 + HgCl; 

and the mother-liquor contains sulphate of ammonia and sulphate of 
mercuric oxide. Ether dissolves out protochloride of mercury from the 
crystals ; water colours them yellow, and forms a basic salt. 

2. Water strongly acidulated with nitric acid, acts but slightly upon 
white precipitate in the cold, but dissolves it when heated. The solu- 
tion, when evaporated, first yields an abur dance of white, laminar, silvery 
crystals, having the composition, 

4 0,N0 5 ; 



they are insoluble in water, and, when digested in' ether, give up to that 
liquid a large quantity of protochloride of mercury; on further evapora- 
tion, the mother-liquor yields small, metallic-looking, oblique prisms, 
which appear to be a mixture of protochloride of mercury with a large 
quantity of nitrate of mercuric oxide and ammonia. 

3. Equal parts of white precipitate, chloride of ammonium, and 
hydrochloric acid, heated with 15 parts of water, form a solution, Trhicb, 
on evaporation, first yields crystals of chloride of sodium, and after- 
wards metallic-looking, four-sided laminse, soluble in water, and con- 
sisting of, 

4HgCl + NH 4 C1 + 4NaCl. | 

4. White precipitate boiled with twice its weight of binoxalate of ,), 
potash, and a sufficient quantity of water, leaves an insoluble residue of ^ 
mercurous oxalate, the_ decomposition being attended with evolution of 

carbonic acid ; the solution, when exposed to the direct rays of the sun, 

yields a precipitate of calomel. $ 

5. White precipitate boiled with three times its weight of cream of 
tartar, and a sufficient quantity of water, liberates carbonic acid, and 

forms a solution, which, when evaporated, yields a succession of crystal- *j 

line salts, differing from one another in appearance, and not yet satis- >' 

factorily examined. I 

6. White precipitate boiled with acetic acid, also gives rise to evolu- | 
tion of carbonic acid and precipitation of calomel. The solution,, when * 
evaporated, yields yellow crystalline crusts, which soon blacken on ex- * ( 
posure to light, and contain 72'9 per cent, of mercury and 13*0 chlo- 

rine; they appear to be a sexbasic acetate, of mercuric amido-chloride + 12 

At. water. I 

7. White precipitate forms, with sulphate of quinine and very dilute ! 
sulphuric acid, a solution yielding indistinct -crystals, which, after recrys- 

tallization from alcohol, appear to be composed of, ! ; 

12S0 3 + 6 quinine + 2S0 3 + HgO,NH 4 -r HgCL ! 

(Kosniaim, N. J. Pkarm. 14, 321; J. pr. Clan. 4B, SI; ab.-tr. 

Jahresbericnt, L & K, 18478, 44S.) \ [ 




To page 142. Precipitation of Silver in the . Metallic . 

. separating silver in the metallic state from its solution (containing lead 

or copper), Kessler recommends the use of acetate of "ferrous oxide 
' which precipitates the silver, completely, whereas green' vitriol does not! 
The solution. must be as free as possible from excess of acid, and largely 
diluted with water. (N. J. Pharm. 11, 86; Jahresb. "l^47^ 8, 449.) J. 
According to Mohr (Ann.-Pharm. 66, 65), when a pure silver-solution is 
treated in the cold with ferrous acetate, a dazzling white precipitate of 
silver-acetate is first formed, but is quickly converted into metallic silver, 
the reduction beginning in isolated black points, and rapidly spreading 
throughout the whole mass. From solutions containing copper and free 
nitric acid, metallic silver separates at once. ' 

To pp. 135 and 165. Reduction of Chloride of Silver. According 
to Mohr (Ann. Pharm. 66, 65), the best of all reagents for this purpose 
is metallic zinc. With regard to' Gregory's method- of converting the 
chloride of silver into oxide, by. boiling with strong potash-ley, Molir 
observes, that part of the chloride .of silver is apt to :cake together, and 
thereby escape decomposition, anjl that the. process succeeds best when 
the chloride of silver is previously ' levigated with water, and added 
to the potash-solution at a boiling heat. . With respect to Level's 
method of boiling chloride of silver with potash -ley and sugar, Mohr 
finds that complete decomposition 'is thereby obtained, and that the 
reduced silver cakes together in den-se masses, from which the liquid is 
easily decanted. 

To page 1 65. Decomposition of Chloride of Silver ly Metallic Sul- 
|| ' phides and Arsenides. According -to Malaguti and Durocher (Compt. 

rend. 25, 160), many metallic sulphides and arsenides have the power of 
decomposing chloride of silver, with comparative quickness \vhen that 
compound is in the state of solution, more slowly by mere contact. 

100 parts ZnS decompose 3 parts AgCl. 

100 CdS 14 

100 BiS 3 2 

100 PbS 5 

100 SnS i 

100 SnS 2 30 

100 Cu 2 S 360 

100 SbAs 3 120 ? 

and 100 parts of arsenide of cobalt decompose 166 chloride of silver. 
The same compounds in the form of minerals, from various localities, 
frequently exhibited very different degrees of decomposing power. 
Bromide of silver was decomposed to a certain extent by the same 
compounds; iodide of silver, not at all, 

To page 166. Solubility of Chloride of Silver in Hydrochloric Acid. 
According to Pierre (N. J. Pharm. 12, 237), 1 part of chloride of 
silver dissolves in 200 parts of strong hydrochloric acid, and in 600 
parts of the same acid diluted with twice its weight of water. 

END OF VOL. VI. 



\*4 



REPORT 



THE FOURTH ANNIVERSARY MEETING 



CAVENDISH SOCIETY. 



THE Anniversary Meeting of the Cavendish Society for the year 
1851 was held at No. 19, Montague Street, Russell Square, on 
Saturday, the 1st of March, at three o'clock in the afternoon. 

The Chair was taken by THOMAS GEIHAM, ESQ., F.R.S., 
PRESIDENT, who called upon the Secretary to read 

THE REPORT OF THE COUNCIL. 

"In their last Annual Report the Council referred with satis- 
faction to the progressive advancement of the Society, as indicated 
hy the increasing number of its Members ; and they expressed 
a hope that a similar extension would be effected during the 
year which then commenced. Such an extension seemed to be 
required in order to place the Society upon a safe and permanent 
basis, and to insure the complete realization of its objects. Con- 
sidering the greatly increased extent to which the science of 
Chemistry has been cultivated in this country within the last few 
years, as compared with former times, it was thought that a con- 
siderable accession of Members might be obtained, and it was 
confidently anticipated, as the published works of the Society 
became better known, that the advantages resulting from such an 
Association would be more amply and adequately appreciated. 



p 

Ki 



M 



" Tlie Council, on reviewing the results of the past year's opera- 
tions, see no cause for discouragement, although they must admit 
that all that they desired has not been fully attained. The number 
of Members has undergone a slow but constantly occurring aug- 
mentation, and if the aggregate number be still not so great as it 
is desirable it should be, there is, nevertheless, every reason to 
believe that the limit to further extension has not been reached. 

" A reference to the financial statements of former years will 
show the annual progress which has been made by the Society. 
Thus, in March 1849, 556 Members had paid the subscription for 
the year 1848, and there were besides about 100 from whom the 
subscription had not been received, making the number of Members 
656. In March 1850, the number of Subscribers for 1848 had 
been augmented to 791, some of whom, however, had previously 
retired; and the numbers for 1849 were 694 who had paid, and 56 
whose subscriptions were due, making the number of Members at 
that time 750. During the past year, an increase has been effected 
to about the same extent as that which occurred in the preceding 
year, the Subscribers for 1848 having been augmented to 885, and 
those for 1849 to 854. This last number may be considered to 
represent the extent of the Society at the present time. 

" The Members have received the fourth and fifth volumes of 
GMELIN'S 'Handbook of Chemistry' for the past year, and the 
Council have pleasure in announcing that DR. WILSON'S work on 
Cavendish is now ready, and will be immediately distributed to the 
Subscribers of 1849. It was thought desirable to proceed with as 
little delay as possible in bringing out the former of these works, 
of which there remains but one more volume to complete the 
Inorganic part, and this the Members will receive in the course of 
the present year. The delay that has attended the publication of 
the ' Life of Cavendish,' although unavoidable, was regretted by 
the Council, but they believe it has been more than compensated 
for by the large amount of interesting matter which the author 
was enabled to collect whilst seeking for some of the details of the 
biography without which he was unwilling to send his work before 
the public. The characteristic portrait of Cavendish, which forms 
the frontispiece to the book, has been obtained through the in- 
strumentality of a Member of the Society, Mr. Tomlinson. It is 



copied from a drawing, by Alexander, in the print-room of the 
British Museum, and is considered, by those who knew the phi- 
losopher, to be a good and striking likeness. These accessions of 
matter have not only enhanced the value of the work as a literary 
production, they have also added to the expenses of publication, 
a result which makes it necessary to limit the works issued for 
1850 to the two volumes of Gmelhfs Chemistry, now in the hands 
of Members. 

" There are several works in course of preparation, to be 
published in this or succeeding years. 

" The first volume of the translation of Lehmann's Physiological 
Chemistry, by Dr. Day, is now in the hands of the printer, and this 
will be the first of the books to be issued for 1851. It will be 
followed by the sixth volume of Gmelin's Chemistry, which will 
conclude the Inorganic part of this work. The Organic part will 
then be immediately proceeded with. 

" The translation of the Essays of Saussure is prepared, and the 
abstracts of the works of Hales, Ingenhousz, Sennebier, Wiegmann, 
and other contemporaneous writers on the chemistry of vegetation, 
are nearly completed. 

" Some of the Members have expressed a desire that the trans- 
lation of Bischof's Elements of Chemical and Physical Geology, | 
which is among the works proposed for publication by the Society, ^ 
should be commenced at an early period, but the Council have not \ 
hitherto found it practicable to make arrangements to this effect 
without retarding the completion of/ books previously under- 
taken, fy 

" It has been suggested to the Council, that a valuable work, 

for the use of practical chemists, might be prepared through the f j 

co-operation of the Members of this Society. Most men engaged j> 

in scientific investigations, have occasion to refer to tables for 
facilitating the calculation of results ; yet there is no work extant -* | 

in which there is a good and complete collection of such as 
relate to all the different departments of applied chemistry. It is ' 

proposed that the publication of a work, to be entitled 4 Chemical 
formulae, and constants, for use in the Laboratory/ be undertaken \ 

by the Society ; and should this proposition be favourably received 
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by the Members, and a prospect afforded of the means of obtaining 
tlie required matter, the Council will be prepared to carry it into 
effect.* 

c - The first of the Society's publications, the volume of Chemical 
Reports and Memoirs, edited by Professor Graham, being out of 
print, those who now join the Society, and desire to obtain the 
whole of Gmclin's Chemistry, arc supplied with the first volume on 
payment of half the subscription for 1848. In anticipation of a 
continued demand, by new members of the Society, for all the 
volumes of Gmelin's standard work, a larger number was printed 
than was immediately required, and copies still remain on 
hand. 

"The Council trust that the interest evinced in the objects of the 
Association has been justified by the results of its operations, and 
that the exertions made for extending the limits of the Society, will 
not be relaxed until it has reached the point originally contem- 
plated, and which is now so nearly approached." 



* The Council will be glad to receive communications on tins subject 
addressed to tlie Secretary, from members who may be able to afford assist- 
ance by supplying or suggesting matter for the proposed work. 
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It was moved by Mr. PORBETT, seconded by Mr. BUTTON, 
and resolved, 

" That the Eeport just read be received and adopted." 

The Meeting then proceeded to the election of Officers for the 
ensuing year, and the following were declared to have been duly 
elected: 



PEOFESSOB GRAHAM, F.B.S. 



AETHtJR AlKIN, F.Gr.S. 

PBOFESSOE BBANDE, F.B.S. 
EARL OE BURLINQ-TON, F.B.S. 
SIE JAMES CLABK, M.D., F.R.S. 
PEOTESSOE T. CLABK, M.D, 
WALTER CBTJM, FJ&.S. 



MICHAEL FAEADAY, D.C.L., F.R.S. 
J. P. GASSIOT, F.B.S. 
SIB. B, JEL KANE, M.D., F.E.S. 
W. A. MILLEB, M.D.,F.B.S. 
BICHABD PHILLIPS, F.B.S. 
PBOPESSOB WHEATSTONE, F.B.S. 



Ctftmdl. 



JACOB BELL, M.P., F.L.S. 
GOLDINO- BIBD, M.B., F.B.S. 
WABBEST DE LA BUE, F.B.S. 
W. FEB<HTSOI$V ^F.C.S. 
J. J. GEIPFI^ F.C.S. 
A. W. HoEMiFjr, Ph.D., F.B.S. 
G. D. LONG-STAEP, M.D., F.C.S. 
T. N. B. MOESOF, F.L.S. 



JONATHAN PEBEIEA, M.D., F.R.S. 

B. POBBETT, F.B.S. 

B. H. SEMPLE, M.D. 

W. SHABPEY, M.D., F.B.S. 

ALEBED S. TAYLOB, M.D., F.B.S, 

CHARLES TOMLINSON, ESQ. 

BOBEBT WABINGTON, F.C.S. 

A. W. WILLIAMSON, Ph.D., F.C.S. 



HENEY BEAUMONT LEESON, M.D., F.B.S., St. Thomas's Hospital, 



THEOPHILTJS REDWOOD, ESQ., 19, Montague Street, Bussell Square. 



It was moved by Dr. SEMBLE, seconded by Mr, T. HUBBUCK, 
and resolved, 

" That Dr. BASHAM, J. E. BOWMAN, Esq., and PEBCIVAL 
JOHNSON, Esq., be appointed Auditors for the ensuing year." 



The following Resolutions were then proposed and unanimously f 

adopted : jj 

Moved by Mr. BUTTON, seconded by Mr. MAITLANB, \ 

( 
"That the thanks of the Meeting be given to the PBE- 1 

SIDENT, TREASURER, and COUNCIL, for their services to the ! 

Society." I 

Moved by Mr. WARREN DE LA RUE, seconded by Mr. JACOB 
BELL, 

" That the thanks of the Meeting be given to the HONORARY 
LOCAL SECRETARIES for their services to the Society." 

The Meeting was then adjourned. 

THEOPHILUS REDWOOD, SECRETARY, 

19, Montague Street, Russell Square. 

MARCH IST, 1851. 



CAYENDISH SOCIETY. 



PROFESSOR GRAHAM, F.R.S. 



ARTHUR AIKIN, F.G.S. 
PROFESSOR BRANDE, F.R.S. 
EARL OP BURLINGTON, F.R.S. 
SIR JAMES CLARK, M.D., F.R.S. 
PROFESSOR T. CLARK, M.D. 
WALTER CRUM, F.R.S. 



MICHAEL FARADAY, D.C.L., F.R.S. 
J. P. GASSIOT, F.R.S. 
SIR R. KANE, M.D., F.R.S. 
W. A. MILLER, M.D., F.R.S. 
RICHARD PHILLIPS, F.R.S. 
PROFESSOR WHEATSTONE, F.R.S. 



JACOB BELL, M.P., F.L.S. 
GOLDING BIRD, M.D., F.R.S. 
WARREN DE LA RUE, F.R.S. 
W. FERGUSON, F.C.S. 
J. J. GRIFFIN, F.C.S. 
A. W. HOFMANN, Ph.D., F.R.S, 
G. D. LONGSTAFF, M.D., F.C.S. 
T. N. R. MORSON, F.L.S. 



Council. 

JONATHAN PEREIRA, M.D., F.R.S. 

R. PORRETT, F.R.S. 

R. H. SEMPLE, M.D. 

W. SHARPEY, M.D., F.R.S. 

ALFRED S. TAYLOR, M.D., F.R.S. 

CHARLES TOMLINSON, ESQ.. 

ROBERT WARINGTON, F.C.S. 

A. W. WILLIAMSON, Ph.D., F.C.S. 



HENRY BEAUMONT LEESON, M.D., F.R.S., St. Thomas's Hospital. 



THEOPHILUS REDWOOD, ESQ., 19, Montague Street, Russell Square. 



THE CAVENDISH SOCIETY was instituted for the promotion of Che- 
mistry and its allied sciences, by the diffusion of the literature of 
these subjects. The Society effects its object by the translation of 
recent works and papers of merit ; by the publication of valuable 
original works which would not otherwise be printed, from the 
slender chance of their meeting with a remunerative sale ; and by 
the occasional republication or translation of such ancient or earlier 



modern works as may be considered interesting or useful to the 
Members of the Society. The publications and other business of 
the Society are conducted by the Council, who, with other officers, 
are elected by ballot at a General Meeting of the Society held on 
the 1st of March of each year. 

Members are admitted on application to the General or Local 
Secretaries, and contribute an Annual Subscription of one guinea, 
which entitles them to a copy of every work published by the 
Society for the period during which their membership continues. 
The number of works thus published will necessarily depend on the 
number of subscriptions, but will not be less than two octavo 
volumes for each year. These works are handsomely printed, on a 
uniform plan, for Members only. 

The following are the books issued for the years specified : 

1848. 

1. CHEMICAL REPORTS AND MEMOIRS. Edited by THOMAS 
GRAHAM, F.R.S. (Out of Print.) 

2. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Trans- 
lated by HENRY WATTS, BA. 5 F.C.S. Vol. I. 

1849. 

3. -HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. II. 
4. HAND-BOOK OF CHEMISTRY. BY LEOPOLD GMELIN. Vol. III. 

5. THE LIFE AND WORKS OF CAVENDISH. By Dr. GEORGE 

WILSON. 

1850. 

6. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. IV. 
7.- HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. V. 

1851. 

8. PHYSIOLOGICAL CHEMISTRY. By PROFESSOR LEHMANN. 
Translated by GEORGE E. DAY, M.D., F.R.S. Vol. I. 

9. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELJN. Vol. VI. 

The sixth, volume of Gmelin's Hand-Book of Chemistry, which 
will be ready by the end of the present year (1851), concludes the. 
Inorganic part of this work. The part relating to Organic Che- 
mistry will be immediately proceeded with. 



The first of the Society's publications, the volume of Chemical 
Reports and Memoirs, being out of print, those who now join the 
Society, and desire to obtain the whole of Gmelin's Chemistry, are 
supplied with the first volume on payment of half the subscription 
for 1848. In anticipation of a continued demand, by new mem- 
bers of the Society, for all the volumes of Gmelin's standard work, 
a larger number was printed than was immediately required, and 
copies still remain on hand. 

Among the works which are either now in progress, or for the 
publication of which arrangements are being made, are 

The second and third volumes of LEHMAXN'S Physiological 
Chemistry, translated by DR. DAY. 

The Hand-Book of Chemistry, by LEOPOLD GMELIST. (Organic 
Chemistry.) 

BISCHOF'S Elements of Chemical and Physical Geology. 

The Essays of SATTSSUBE, together with abstracts of the works 
of HALES, ISTGENHOUSZ, SENKEBIEE, WIEGMAXX, and other con- 
temporaneous writers on the Chemistry of Vegetation. 

As the Council have no other available means of meeting the lia- 
bilities incurred in preparing and publishing the works undertaken 
by them than those afforded by the subscriptions of the Members, 
it is necessary to make the subscription payable in advance, and to 
restrict the issue of books to those members only whose subscrip- 
tions have been paid for the year for which such books are issued, 
in accordance with the original laws of the Society. Any devia- 
tion from this regulation would involve a complication of accounts, 
which would greatly increase the expenses of management. 

The Council do not undertake to defray the expense of convey- 
ing books to those Members not resident in the Metropolis, except- 
ing where several volumes can be sent together in a parcel: and 
even in those cases it is hoped that Members will promote an 
economical arrangement, whenever practicable, by having the 
books sent in booksellers' parcels, or otherwise, free of charge. 



%* It is requested that all communications and remittances be 
either addressed directly to the Secretary in London, or forwarded 
through the Local Secretaries. 



1ocal 



Aberdeen Dr. R. Rattray. 
Banbury Thomas Beesley, Esq. 
Bath J. P. Tylee, Esq. 
Beccles'W. E. Crowfoot, Esq. 
Bedford W. Blower, Esq. 
Belfast Dr. J. F. Hodges. 
Birmingham George Shaw, Esq. 
BodminT>. F. Tyerrnan, Esq. 
BoUon'H.. H. Watson, Esq. 
Brighton F. Bu'sse, Esq. 
Bristol Wm. Herapath, Esq. 

Cambridge-- W. H. Miller, Esq., 
M.A., F.R.S. 

Carlisle Dr. H. Lonsdale. 
Chester R. D. Grindley, Esq. 
CliftonOr. F. Schacht, Esq. 
Colchester Dr. Williams. 
Cor& Thomas Jennings, Esq. 
Coventry Francis Wyley, Esq. 
Derby DY. A. J. Bernays. 
Dublin Dr. J. Apjohn. 
Dudley Tb. Hollier, Esq. 
Dumfries W. A. F. Browne, Esq. 
Durham William Clark, Esq. 
Edinburgh Dr. Geo. Wilson, F.R.S.E, 
Exeter George Cooper, Esq. 
Farnliam W. Newnham, Esq. 
Galway Dr. Edmond Ronalds. 
Glasgow Walter Crum, Esq., F.R.S. 
Gloucester Thomas Hicks, Esq. 
GosportT>Y. W. Lindsay, R.K 
Guernsey Dr. E. Hoskins, F.R.S. 
Halifax-3dw. W. Garlick, M.D. 
ffelstoneG. W. Moyle, Esq. 



Jffexham John Nicholson, Esq. 
fforsham F. Snelling, Esq. 
Hull J. L. Seaton, Esq. 
Leamington S. A. Sandall, Esq. 
Leeds W. S. Ward, Esq. 
Leicester J. H. Stallard, Esq. 

T . 7 ( Dr. J. Dickinson. 

Liverpool J 

I J. B. Edwards, Esq. 

Llandilo B. Morgan, Esq. 
Madras S. Mayer, Esq. 
Maidstone David Walker, Esq. 

Ttf 7 * f John Graham. Esq. 

Manchester \ ' 4 

'James Young, Esq. 

Newcastle-on-Tyne'R. S. Gilpin, 
Esq. 

Newport (Monm outhsliire) Ebene- 
zer Rogers, Esq. 

Nonoich Edward Arnold, Esq. 
Nottingham Dr. Thos. Wright. 
Oxford Nevil Story Maskelyne, Esq. 
Plymouth J. Prideaux, Esq. 
Portsmouth W. J. Hay, Esq. 
St. Andrew's Dr. G. E. Day, F.RS, 

St. Helen's (Lane.) James Shanks, 
Esq. 

Sheffield James Hay wood, Esq. 
Southampton W . B. Randall, Esq. 

StocJ&ridye George Edmondson, 
Esq. 

Swansea Ebcnezer Pearse, Esq. 
Whitehaven John B. Wilson, Esq. 
Winchester G. Gunner, Esq. 
Wolverhampton<'B. Walker, Esq. , 
Worcester W. Perrins, Esq. 
York'W. G. Procter, Esq. 



UNITED STATES. 

New Yortc Henry Bailliere, Esq., 290 Broadway. 
Philadelphia William Procter, jun., Esq. 
Cambridge John Bartlett, Esq. 



HARBISON AND SON, PRINTERS, ST. MAIITIN'S LANE, 



